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2SUMMARY
The known preparative route to macrocycles from 
aromatic diamines and di-iminoisoindoline has been extended 
to the use of starting materials containing bulky alkyl 
substituents. A number of metal-free macrocycles and 
metal derivatives have been isolated, together with some 
simpler condensation products. These materials are 
. considerably more soluble than the compounds which did not 
contain bulky alkyl substituents and p.m.r. studies have 
readily been carried out. From these spectra, it is clearly 
demonstrated that nickel derivatives of the pyridine macrocycle 
do not contain extensive cyclically delocalized 'tt-electron 
systems as an X-ray crystallographic study had suggested, but 
that they are cross-conjugated. It is also shown in the case 
1 of some dicondensation products, that syn- and anti- geometrical
isomers are possible and the relative concentration of each 
in solution at 3^° has been calculated from the p.m.r. 
spectra. Difficulties which were encountered in macrocyclic 
syntheses are explained in part on the basis of solubilities 
and of electronic effects of the alkyl substituents.
The preparation of some 2,A-disubstituted pyrimidine 
derivatives is outlined and their reactions with phthalonitrile 
and di-iminoisoindolines described. It v/as not found possible 
to obtain isolable macrocyclic products here but evidence is 
available for their presence in some reaction mixtures.
""'i ■
So:ne suggestions for further work are given.
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CHAPTER I
8Historical Introduction
The macrocyclic formula for porphyrins, advanced in
1912 by Kuster,^ was.given powerful circumstantial support by
2
Fischer’s synthesis of haemin. However, the argument that,
because this structure was of an unprecedented kind, such a
macrocycle was most unlikely, was disposed of finally by the
discovery of phthalocyanine and the elucidation of its
3structure by Linstead.^ Rigid proof of the phthalocyanine
ii 5 6structure was presented in a series of papers by Robertson * * 
where, by means of a new method of direct X-ray analysis,
I! II
namely, the heavy atom method , the positions of all the atoms
in the molecule could be accurately ascertained. The first
X-ray crystallographic analysis of the porphyrin ring system
was in 1959 with the analysis of nickel aetioporphyrin II by 
7Crute,' which confirmed the similarity between the porphyrin 
and phthalocyanine ring systems.
The phthalocyanine (1) and porphyrin (II) ring systems 
both have tetrapyrrolic structures; in the porphyrin system the 
pyrrole units are linked at the cc-carbons by methine links and 
the ^-carbons carry different substituents; in the phthalocyanine 
structure the links consist of aza groups and the y3-carbons are 
part of an aromatic ring. Both classes of compound have fully 
conjugated structures and are highly coloured. They can also 
be considered as weak dibasic acids and form metallic derivatives 
with great facility, in particular with divalent metals capable
9of exhibiting square planar geometry, but the range of metallic
o
derivatives is by no means restricted to this situation.-
The structural gap between the- two classes of 
compounds was bridged in several ways: (i) the isoindole units
of phthalocyanine were retained but the linkages altered to
10
methine groups; and (ii) the nitrogen links were retained 
and the isoindole units replaced by pyrrole nuclei.
n
Tetrabenzoporphin was made along with tetrabenzomonoazaporphin,' 
tetrabenzo'diazaporphin*^ and tetrabenzotriazaporphin*^ and 
their metal complexes. Tetrazaporphin was synthesised from 
maleonitrile and monobenzo- and tribenzotetrazaporphin * 
and their metal derivatives were also made.
~~Metal phthalocyanines could be prepared by heating
a phthalic acid derivative, urea and a metal or metal salt at
high temperatures. For some time, the best preparation of
metal-free phthalocyanine was removal of the metal from a
labile metal phthalocyanine. However, 1,3-di-iminoisoindoline
16 17was synthesised from phthalonitrile and ammonia * and heating 
this material in hydrogen-donating solvents such as alcohols, 
or better, tetralin, provided an easy route to the metal-free 
p h t h a l o c y a n i n e . i t  is probable that this material is the 
true precursor of phthalocyanine and that it is formed in the 
reaction of phthalic acid derivatives and urea at elevated  ^
temperatures.
1,3-M-iminoisoindoline reacted easily at both imino 
groups with primary amines, such as 2-aminopyridine, to give 
condensation products capable of forming complexes with, metals. 
Thus there was a possibility that a new type of macrocyclic 
structure might be realized if an aromatic diamine (geometrical 
requirements indicated that meta-substituted materials would be
11
most favourable) were to react with the new imidine. The
preparation of the first of these compounds was described by
20Elvidge and Linstead in 1952: they found that 2,6-diamino-
pyridine reacted readily with 1,3-di-iminoisoindoline to give 
a red material of high'melting point, subsequent investigation 
of which showed it to have the structure (III).
ill
The new macrocycle was obviously related to the tetraza- 
porphins, even though the corner units were different; the 
macrocyclic ring in both cases had eight carbons and eight •' 
nitrogens and the new macrocycle, like the tetrazaporphins, 
was capable of forming metal derivatives. However, it 
differed from the phthalocyanine-type structure in that no 
fully-conjugated cyclic system was present in the molecule.
A fully-conjugated pathway can be drawn in theory, where the 
pyridine ring systems lose their individual aromaticity and 
the pyridine ring nitrogens form imino-bridges, as in (IV).
12
No light absorption at comparatively long wavelengths,
corresponding to the presence of this new chromophore, was
seen however. The metal-free macrocycle was cross-conjugated,
containing only the partial chromophores of related linear
compounds. Insertion of a metal caused a marked bathochromic
shift in the u.v. spectrum (97nm. in the case of the nickel
compound) and in so far as this change could be attributed to
a lengthening of the fully-conjugated pathway, it seemed likely
that the fully-conjugated cyclic system, as in (IV), might make
an appreciable contribution to the structure of the metal
21complexes. X-ray analysis by Speakman tended to confirm this 
view.
Subsequent work with other arylene diamines in place 
of 2,6-diaminopyridine resulted in the preparation, in.fairly
good yields, of 1,3-benzene, 3 ,3-pyridine, 2,7-naphthalene,
22 23 2,8-acridine, and 2,4-toluene macrocycles which formed
13
solvates with acetic acid. The arguments for cross-conjugation
applied, if anything, more strongly here and the light absorption
properties bore this out. It was obvious that these macrocycles
could not -form metal derivatives of the tetrazaporphin type, due
to either the absence of a second pair of bonding nitrogens for
the metal or, in the case of 2,8-acridine molecule, the geometry
of the central cage being unsuitable. However, zinc and copper
22derivatives of the 3,3-pyridine macrocycle were obtained.
They v/ere^J.nfusible, insoluble, amorphous and thermally very
stable and elemental analyses indicated that 2 metal atoms were
combined with one macrocycle residue, together v/ith acetate
residues and water. Consequently the authors.suggested that
these metal derivatives had macromolecular extended-lattice
structures. Subsequently, metal derivatives of the benzene
24macrocycle were made by Smirnov Beregjh-n, and their u.v. 
spectra recorded. These derivatives were given the 
structure (V).
n — - M —
V
There was evidence from the light-absorption properties that, 
as expected, there was no increase in.conjugation•over the 
metal-free compound. Indeed in some cases there was a marked 
hypsochromic shift in the absorption at longest Wavelength; 
Smirnov and Berezin infer from this observation a representation 
of the degree of interaction of the metal with the electron 
pair of the isoindole nitrogens, i.e., the strength of the 
complexes. All of these materials were thermally stable.
The kinetics of metallic derivative formation for
25
the benzene macrocycle were studied by Smirnov and Berezin.
They determined that the rate-determining step in complex 
formation in n-butanol involves one molecule of macrocycle and
.one molecule of metal salt and that the activation energies
2+ 2*^  2+  2 for the reactions of the cations Cu , Co , Ni , Zn vary
from 4,100 to 11,500 cal./mole. They also found the rate to.
depend on the anion of the metal salt - the reaction for
cuprous chloride was approximately 100 times faster than for
\ y
cuprous acetate.
The macrocycles were all prepared in a one-stage
synthesis, whereby the diamine and 1,3-di-iminoisoindoline were
heated in boiling n-butanol or the diamine and phthalonitrile
26were heated in boiling ethane diol. It was of interest to
see if the macrocyclic structure could be built up in step-wise 
synthesis and when further work was carried odt at lower 
temperatures and with varying relative concentrations of
15
reactants, a number of intermediates-were obtained, including 
some adducts and some condensation products. * This
work served two purposes: it showed the probable course of
the reacti'on and allowed the preparation of other types of 
macrocycles.
- Isolation of the adduct (VI) was achieved and
treatment with a further quantity of di-iminoisoindoline gave
the new macrocycle (VII) which was also cross-conjugated.
There was, however, a longer fully-conjugated chain in the
molecule, which superficially corresponded to three-quarters
of the phthalocyanine chromophore. The light-absorption
properties of metal complexes of this material with divalent
metals point to a completion of the conjugated system through 
29the metal atom.
C H
NH HN
VI
The "benzene-tri-isoindole" metal-free macrocycle
31was also investigated by Borodkin as part of a more general 
study in which one and two corner units of phthalocyanine were 
replaced by such units as 1,3-benzene, l,h-benzene, l,*f- 
naphthalene. and in which also the effects of substituents in 
the arylene units on the u.v. spectra were set down. . :
More recently, attempts were made to prepare analogues
of the benzene and pyridine macrocycles with methine links.
It was not possible to prepare a macrocyclic material in which
all the aza links were replaced by methine links but a route was
developed to methine-linked open-chain and macrocyclic compounds,
employing essentially the condensation between cyanomethyl 
compounds and phthalonitrile. For example, the red compound
31(VIII) with cyano-methine links was made.
17
C NNC,
VIII
An interesting series of polymeric analogues of the
32 v 3original compounds was recently reported. * Use was made
of l,2,A,5-tetracyanobenzene in' reactions with diamines.
Materials corresponding to polymerized three-unit condensation
products and to polymerized macrocycles were obtained from
these reactions and they show some interesting properties.
22Like the monomeric macrocycles and indeed other macrocyclic
materials,^ they are capable of occluding small molecules
and, in fact, are often obtained as highly swollen gels. More
important, they constitute a new class of thermally stable
polymers. The macrocyclic polymer was stable to 600° and
could be moulded under pressure at 350-^00° to give specimens
of tensile strength 13,000 p.s.i. Polymeric phthalocyanines
have also been reported - in particular the nickel and copper 
35 36derivatives^* - and they have enhanced semiconducting
18
properties by comparison with the monomeric materials. They 
have also been used as efficient curing agents for polyepoxide 
resins.
In view of the continuing interest in and the ever- 
widening range of application of these phthalocyanine-type 
materials, it seemed to us that the field of cross-conjugated 
macrocyclic chelating agents should be further studied and 
extended. In particular, two points seemed to be of more than 
usual interest. Firstly the possibility of there being a 
fully-conjugated macrocyclic system present in the nickel 
complex of compound (III) should be further examined. Secondly, 
the macrocyclic synthesis could be extended to the condensation 
of di-iminoisoindoline with aromatic diamines containing more 
than one hetero-atom in the ring.
For the first of these, the application of p.m.r. 
studies seemed appropriate, if a means of solubilizing the 
metal complex were available. The extreme insolubility of 
metal phthalocyanines can be attributed to the molecular 
arrangement within the crystal.^
19
__
Figure I
The planar molecules do not lie directly over one another but 
are shifted as in figure 1, so that the outer nitrogen atom of 
one molecule comes almost exactly over the metal atom of the 
other at a distance of 3-382. Thus the metal is surrounded 
by six nitrogen atoms and the presence of these additional, wbak 
bonds between molecules probably persists even when the material 
is immersed in a solvent, so that there is insufficient room 
for solvent molecules to penetrate between the layers and effect 
solution. This situation is, perforce, absent in the porphyrins 
and consequently they are appreciably more soluble. The 
presence of linkage nitrogens in macrocycles like (III), however, 
could also give rise to a close stacking arrangement similar to 
that in the phthalocyanines: certainly they are quite insoluble.
A possible means of increasing the solubility of phthalocyanines
20
was by including bulky groups in the molecule which would force 
the molecules apart sufficiently to allow penetration by 
solvent molecules. Kenney found that bis(triethylsiloxy)-. 
germaniun and -tin phthalocyanines were soluble in common
70
organic solvents. Even more dramatic increased solubility
39effects were noted by Shuttleworth, who attached alkyl chains 
to the periphery of the phthalocyanine structure. On balance, 
this latter approach seemed a better one, as, in this case, no 
limitation would be placed on the metal used, and electronic 
effects between the metal and the macrocycle (III), which are 
stated by Lever^ to be appreciable in the case of nickel, 
would be least affected. It was hoped that by this method 
the materials could be made sufficiently soluble for detailed 
p.m.r. studies. In an applied magnetic field, the fully- 
coiijugated system with its cyclically delocalized electrons, 
if it occurred in the metal complex, would give rise to an 
induced ring current^ and this would have‘a noticeable effect 
on the chemical shifts of the peripheral protons.
A macrocycle formed from condensation of 1,3-di-- •'
iminoisoindoline and an aromatic diamine such as 2,/f- 
diaminopyrimidine would be of unusual interest. Like the 
pyridine macrocycle, the macrocyclic cage, which would be 
similar in size, would be able to accommodate metals, and 
these metal derivatives would be of interest. One or both 
of the second pair of nitrogen atoms of the pyrimidine 
moieties would be available for quaternization, either in the
21
metal-free compound or the metal derivatives. This would 
give a unique system in either case, which would also be a 
cyanine dye. Valence change of a chelated transition metal 
should be facilitated as, in theory, the system would be 
capable of existing at more than one hydrogenation level.
■Liu showed that some novel cyanine dyes were obtainable from
ip
open-chain relatives. The materials could be solubilized
by methods similar to those already outlined but the problem 
would be simplified by attention to the size and nature of 
the quaternizing group. ~
These two areas represent the basis of the work 
carried out and described in this thesis.
CHAPTER II
23
(i) Preliminary Work
That the metal-free 2,6-pyridine macrocycle was 
obtainable by reaction of 2,6-diaminopyridine with phthalo- 
nitrile in boiling ethane diol has already been mentioned in 
Chapter 1.
+
■NH.
HOCH,CH,OH
196'
■>
+  NH,
The essential feature of this reaction was obviously attack
by the amine lone-pair on the electron-deficient nitrile
carbon. On this basis, inclusion of a strong base as catalyst 
in the reaction would be favourable: removal of a proton from
the amine would generate the anion, which would, by reason of 
its increased basicity, be more reactive towards the nitrile.
A preliminary investigation was, therefore, carried out to 
ascertain whether the possibility of obtaining the macro.cycle 
(III) from phthalonitrile and diaminopyridine at lower 
temperatures than that of boiling ethane diol existed if basic 
catalysis were used.
Three experiments were performed. In the first,
equimolar amounts of phthalonitrile (purified by distillation
into methanol) and 2,6-diaminopyridine (recrystallized from
benzene) were heated together in boiling n-butanol for ten hours.
No ammonia was evolved and the starting materials were recovered
unchanged, indicating that the reaction does not take place at
this temperature in the absence of a catalyst. The macrocycle,
however, was isolated in 10% yield when 0.1 mole/mole of sodium
n-butoxide was included in the reaction mixture. The yellow
insoluble product was recrystallized from nitrobenzene above
100° to give red needles, which were the macrocycle (III). If
crystallization was allowed to take place slowly from nitrobenzene
below this temperature, the solvent absorbed moisture from the
air and the product was obtained as a monohydrate. The m.p.
and i.r. and u.v. spectra of the macrocycle confirmed the data
20in the literature. When the reaction was carried out in the
presence of an equimolar quantity of butoxide, none of the 
desired macrocycle was obtained, however; instead, the insoluble 
product consisted almost entirely of dark-blue disodium
25
phthalocyanine, identified by its u.v. spectrum, which showed 
the presence of the characteristic chromophore'with
(cc-chloronaphthalene) 663,.'699^®-, These findings
pointed to rnacrocycle formation being satisfactory if an alkyl 
substituted phthalonitrile and the diamine- were to be heated 
together in n-butanol together with a'catalytic quantity of 
alkoxide catalyst.
■(ii) Use of Alkyl Substituted Starting Materials
4-t-Butylphthalonitrile was made from o-xylene by
the following reaction sequence
'3
o
Me3C COOH
o
o
NH
CONH
CONH
26
o-Xylene was treated with t-butyl chloride using 
ferric chloride as catalyst in a Friedel-Craft alkylation; 
about 2-3g. ferric chloride per mole were required for the 
reaction to proceed satisfactorily. The exothermic reaction 
proceeded smoothly with evolution of hydrogen chloride and, 
after treatment with decolourizing charcoal, distillation of 
the reaction mixture gave Zf-t-butyl-1,2-dimethylbenzene.
Selective oxidation of the methyl groups was carried 
out by treatment with an excess of potassium permanganate in 
pyridine and water. Again the reaction was exothermic, no 
heating being necessary during the addition of permanganate.
After work-up, the solution was acidified to pH 3» whereupon 
the potassium salt of t-butylphthalic acid separated out.
(N.B. It was important that too much acid was not added; excess 
acid caused the precipitate to become sticky and unworkable.)
The potassium salt was stirred with concentrated hydrochloric 
acid overnight. The free acid was not isolated from the 
mixture of acid and potassium chloride thus obtained; instead the 
mixture v/as added slowly to acetic anhydride. The inorganic salt 
was removed by filtration and distillation gave first acetic acid 
and acetic anhydride and then the anhydride which came over at 
300-310° and solidified on scratching and cooling.
The anhydride was treated with 0.88 ammonia and the 
product heated to a final temperature of 320° to give 
/f-t-butylphthalimide, which solidified on cooling. When the
27
imide was stirred with 0.88 ammonia overnight, a good yield 
of the substituted diami.de was obtained. -
'A solution of the substituted diamide in pyridine 
at 80° was treated with a rapid stream of phosgene for two 
hours. . Constant agitation had to be applied to prevent 
clogging of the apparatus. The product was worked up with 
ice-water and acidified to pH3. Continuous extraction with 
ether gave. 4-t-butylphthalonitrile (IX).
The structures of all of the materials in this reaction 
sequence were confirmed by spectroscopic evidence. The overall 
yield of Zf-t-butylphthalonitrile from o-xylene was 17%. All . 
solid products melted lower than their unsubstituted analogues 
e.g. £).-t-butylphthalonitrile had m.p. 59°, (m.p. phthalonitrile 
1^8°). . This was, of course, expected on the reasonable
assumption that the t-butyl group would lower the lattice 
energies of all the substituted products.
The new dinitrile was known to react to form metal
39tetra-t-butylphthalocyanines with ease. It seemed likely
that reactions which v/ere suitable for the formation of the 
pyridine macrocycle would also be applicable to the preparation 
of a more soluble analogue from t-butylphthalonitrile. Two 
sets of reaction conditions were known for the preparation of 
the pyridine raacrocycle from phthalonitrile, namely (i) heating 
the nitrile and 2,6-diaminopyridine in boiling ethane diol, and
28
(ii) heating the nitrile and diaminopyridine in n-butanol 
containing alkoxide ion as catalyst, as outlined earlier.
Since the m.p. of the.substituted phthalonitrile was 59°, 
it was deemed advisable to employ the milder set of conditions 
for the reaction of this material with diaminopyridine.
The reaction between compound (IX) and diaminopyridine 
in n-butanol containing 0.1 mole/mole of alkoxide did not, 
however, yield any of the desired macrocycle. A complex 
mixture of products was obtained of which disodium tetra- 
t-butylphthalocyanine (identified by visible spectroscopy) and 
the starting materials (identified by thin layer chromatography) 
were the only identifiable compounds. The remainder was a 
mixture of polar materials and attempts to separate this by 
means of column chromatography were not successful.
Another experiment in n-butanol using a smaller 
amount of catalyst (0.01 mole/mole) also failed to give the 
desired product and the starting dinitrile was recovered as 
4-t-butylphthalimide (83*5% recovery).
Finally, a third experiment was carried out using 
boiling oC-chloronaphthalene as solvent (conditions which 
subsequently have been reported as being satisfactory for 
the formation of (III) from phthalonitrile) ^ but, as expected, 
the conditions were apparently too severe. A u.v. spectrum 
of the dark powder obtained showed no absorption at
29
wavelengths greater than 300nm., proving the absence of 
macrocyclic products.
That this difficulty in macrocyclic synthesis should 
arise from the presence of the t-butyl group in a position remote 
from the reaction centre was quite unexpected. In the synthesis 
of the unsubstituted macrocycle, however, use of 1,3-di-imino- 
isoindoline in place of phthalonitrile gave an improved yield 
of macrocycle. It, therefore, seemed appropriate to investigate 
the use of the t-butyl imidine as a starting material.
heating the dinitrile and liquid ammonia in methanol in a sealed 
tube. The fine white solid product decomposed over the range 
203-220° to give a mixture of Jf-t-butylphthalonitrile and the 
tetra-alkyl phthalocyanine. The u.v. and i.r. spectra were 
consistent with the structure and were similar to the spectra 
of 1,3-di-iminoisoindoline itself.
NH
H
NH
x
3~t-Butyl-l,3-di-iminoisoindoline (X) was ma.de by
This new imidine unexpectedly also failed to give 
any of the soluble analogue of (III), under a variety of
30
conditions. Heating the imidine and diaminopyridine in 
boiling n-butanol gave a product which was separated by 
thin layer chromatography into tetra-t-butylphthalocyanine 
and a complex misture of polar materials. A similar result 
was obtained when the reaction was carried out in n-pentanol 
(b.p. 137°). In a further reaction, compound (X) was added 
to the molten diamine at 130°. The temperature was slowly 
raised to 230°. Thin layer chromatography of the material
showed the same spectrum of products obtained in the previous 
experiments, and also a faint spot with R^ similar to that of 
tetra-alkyl phthalocyanine, but attempts to isolate this 
material from a thick layer plate were unsuccessful.
(iii) Suggested Reasons for Failure to Obtain Desired Products
The failure of these, reactions to give the desired 
macrocycle can perhaps best be explained in terms of the 
mechanism of attack of primary amines on phthalonitrile or 
di-iminoisoindoline. A suggested mechanism is illustrated for 
the reaction of two molecules of a primary amine with one 
molecule of phthalonitrile.
HNAr 
< ^ N
^ A rm  31
ArNH
ArNH
HN NH2Ar 
0 . ©
bn XII
HN _
NH3 +
XIII
+  NH3
32
Tho initial step is nucleophilic attack.by the amine
lone pair on the carbon of the polarized-C=N function. Intra­
molecular cyclization can then occur - again involving nucleo­
philic attack on an electron deficient nitrile carbon - to. 
yield (XI), which is available for reaction with a further 
molecule of amine and pathway fA ’ is followed. Alternatively, 
before cyclization takes place, attack on the second nitrile 
group might come from another amine molecule when pathway !B f 
would be followed. Both pathways give the same final product 
(XIII); the final step in pathway 'A1 is elimination of 
ammonia and in pathway *B! this elimination may be followed by 
a tautomeric rearrangement. It is seen that base catalysis 
should favour amine attack by generating the anion and thereby 
increasing the basicity of the amine.
The mechanism of reaction of a primary amine with
1,3-di-iminoisoindoline to give (XIII) would be similar to 
pathway ’ A ! above and is shown here.
NH H lO  C n — Ar
ArNH2
NH NH
NH NH
XIV
ArNH2
Ar A r
XIII
33
Again the essential final step in each condensation 
is elimination of ammonia. This mechanism is supported by 
the isolation of intermediates, which were best described by
rationalized in terms of these mechanisms. A model of 
^.-t-butylpjithalonitrile shows that steric hindrance by the 
alkyl group can be ruled out as a cause of the decreased 
reactivity of this compound. Electronic effects due to 
electron-releasing nature of the t-butyl group cannot be 
discounted, however. A simple prediction would be that the 
positive inductive effect of the alkyl group would cause an 
increase of electron density in the aromatic ring and would result 
in the nitrile substituents being less susceptible to attack by 
a nucleophile. The strong positive inductive effect of the 
t-butyl group would also tend to stabilize the resonance 
contributor (XV) relative to other canonical structures.
formulae .of the type (XIV), by Elvidge and Golden;^? this work 
has already been reviewed in Chapter I.
The effect of the t-butyl group can .perhaps be
©
XV
Hence, this dipolar form would contribute appreciably to the 
resonance hybrid structure of the dinitrile and the incipient 
negative charge on the nitrogen of the 1-nitrile group would 
tend to inhibit nucleophilic attack at the nitrile carbon.
Ease of nucleophilic attack at the 2-nitrile carbon would be 
relatively unchanged but subsequent intramolecular cyclization 
would be made more difficult. The overall effect of the 
t-butyl substituent v/ould be to inhibit steps such as *A! and 
1C 1 above-.-
A similar argument can be employed to help explain 
the decreased reactivity of the t-butyl imidine. Again the 
positive inductive effect of the alkyl substituent v/ould lead 
to the situation where- amine attack at both imino carbons would 
be most unlikely.
NH
NH
Another explanation of the dramatic effect of the 
t-butyl group on the course of reactions of these compounds 
v/ith amines has to do with the increased solubility conferred 
on reaction products v/hich incorporate the t-butyl group. 
(This effect will be discussed in greater detail later.) It
35
seems that the reaction mechanism written on page 31 is composed
of essentially reversible interactions; the final step, namely,
elimination of ammonia is effectively irreversible, because the
ammonia escapes at once from the reaction medium. In many of
the original experiments, the macrocycles were the least soluble
of the various products and the equilibrium was shifted to the
right as the products precipitated from the reaction medium.
The increase in solubility caused by the t-butyl groups probably
defeats this effect, as the products would be quite soluble.
Where intermediates happened to be sparingly soluble it proved
possible to isolate them (see pages 14, 15). Furthermore,
some insoluble monocondensation products could be obtained, e.g.,
from the unsubstituted imidine and amines such as aniline or
2-naphthylamine, which could be further reacted to give the
dicondensation products.^ In the reaction of the imidine with 
172-aminopyridine, only the dicondensation product was obtained, 
presumably because intermediates were more soluble.
(iv) Further Attempts
In the light of the above considerations, some furtner 
attempts were made to synthesise a soluble analogue of the 
macrocycle (III). If the bulky alkyl group were in the 
4- position on the pyridine nucleus, its inductive effect would 
increase the basicity of the amine functions and reaction with
1,3-di-iminoisoindoline to give a macrocycle should be favoured; 
indeed, such a diamine might also prove sufficiently reactive
36
towards the 3-t-butyl compound (X).
XVI
4-Isopropylpyridine was prepared by methylation of
45
4-picoline, by the general procedure of Brown and hurphey.
The reaction was carried out in liquid ammonia containing two 
equivalents of sodamide (prepared in situ) per equivalent of 
4-picoline; two equivalents of methyl chloride (or bromide) 
were passed into the solution and stirring was continued until 
the intense colour, due to carbanion formation, was discharged. 
After work-up, a 20% yield of 4-isopropylpyridine was obtained 
by fractional distillation and this was aminated in 
N,N-dimethylaniline by a further quantity of sodamide to give
4-isopropyl-2,6-diaminopyridine (XVI) in 34% yield. The new 
compound was established by elemental analysis, and by its u.v. 
and p.m.r. spectra. Unexpectedly, this diamine also failed to 
yield a macrocycle even with 1,3-di-iminoisoindoline, when the
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two reactants were heated together in boiling n-butanol. The 
failure of this reaction provides support, for the dependence 
of the course of the reaction on product solubility, as the 
electronic- effects encountered with the t-butyl imidine are 
absent.
A second approach was to attempt to prepare the 
macrocycle via intermediates, in. the hope that these linear 
compounds^- being possessed of polar terminal groups, v/ould be 
sufficiently insoluble to allow their isolation. A 2:1 
mixture of the t-butyl imidine and diaminopyridine, 
respectively, was made up in solution and stood at room 
temperature. No product had separated after sixty days and 
separation of the product mixture by means of thick layer 
chromatography was made impossible by apparent decomposition 
on the plate. Neither was it found possible to obtain a 
dicondensation product from two mols. diaminopyridine and 
one mol. of (X).
CHAPTER III
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(i) Reactions of 5-t-But.yl-l,,3-di-iminoisoindoline with Primary 
Aromatic Monoamines
The work outlined in the previous chapter showed that, 
while the desired macrocyclic products were not easily obtainable, 
some reaction nevertheless took place between3-t-butyl-l,3- 
di-iminoisoindoline and 2,6-diaminopyridine, evidenced by the 
evolution of ammonia and the change in colour of the reaction 
mixtures. Simpler reactions of the imidine (X) were, therefore, 
examined. --
First, model reactions of the imidine with primary 
aromatic monoamines were examined. When the t-butyl imidine (X) 
and aniline were brought together in boiling ethanol, 5-t-butyl-
1,3-diphenyliminoisoindoline (XVIIa)
Me3C
XVIIa
was obtained in 33% yield after five hours. The yellow-green
solution which was obtained at the end of the reaction was 
evaporated and the yellow-green gum thus obtained chromatographed 
on an alumina column by gradient elution with benzene/ethyl 
•acetate. This gave first a small quantity of sodium tetra- 
t-butylphthalocyanine and then compound (XVIIa), which was a 
yellow non-crystalline solid of low m.p. Further chromatography 
and final reprecipitation from cyclohexane gave a yellow 
amorphous solid, m.p. 134-135°• None of the monocondensation 
product was obtained, even from equimolar quantities of the 
reactants.
condense v/ith (X). It was found necessary to employ boiling 
n-butanol as solvent for this reaction, whereupon the pyridine 
analogue (XVIIb) was obtained in 45% yield. Again separation 
of the product mixture was by column chromatography, and the 
yellow solid (XVIIb) was recrystallized from methanol, m.p. 145- 
146°. The more severe conditions necessary for this reaction 
reflect the lower basicity of 2-aminopyridine over aniline. 
Although 2-aminopyridine can exhibit tautomerism,
Under the same conditions, 2-aminopyridine failed to
H
Angyal et_ a l . ^ ’^  have concluded that normally it exists mainly
hi
in the amino form. The lowered basicity results from the 
electron^-attracting properties of the ring nitrogen, which 
causes the charged form
to make a*-measurable contribution to the resonance hybrid 
structure.^
Boiling n-butanol was also found satisfactory as 
solvent for the preparation of the expected three-unit products, 
(XVIIc) and (XVIId), from p--and o-toluidine in 42% and 41% 
yields respectively. It was possible to isolate (XVIIc) 
by trituration with methanol of the solid obtained when the 
solvent was removed from the reaction mixture, but thick layer 
chromatography had to be employed to obtain pure (XVIId). The 
m.p. of the o-toluyl isomer was considerably lower than that 
of the p-toluyl compound (112-114°, and 158-159° respectively).
.Ar
NH
Ar
xvii
((a)
(b)
(c)
(d)
All of the three-unit compounds were yellow and 
compounds (XVIIa) and (XVIIb) had melting points appreciably 
lower than those of their unsubstituted analogues. ^
This lowering of melting point seems to be a property associated 
with the inclusion of the t-butyl group; as stated previously, 
it probably derives from the distortion of the lattice 
structure caused by the bulkiness of the alkyl group. Two 
other effects are also noticeable arising from the same cause. 
Only one of the three-unit materials was easily recrystallized, 
namely, (XVIIb); compound (XVIIc) v/as eventually obtained as 
microfine needles but the two remaining materials could not be
A r
A r
A r
eM
A r
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obtained.in a crystalline form. A much more important effect, 
however, was the increased solubility of these materials over 
their unsubslituted analogues. Since the lattice energy for 
the solids was apparently greatly reduced by the presence of 
the bulky group, all three-unit compounds were now quite soluble 
in all common organic solvents; evidence for this is provided 
by the fact that the only single solvent suitable for 
"recrystallization1* of three of these compounds was cyclohexane 
and the amount of solvent required for dissolution was small, 
e.g., solubility of (XVIIc) in cyclohexane was approximately
0.12g./lml. ac 60°. This property allowed p.iii.r. spectral 
data in deuteriochloroform to be collected with ease.
The structures of compounds (XVIIa-d) were established 
by elemental analysis and by their spectral properties. The
1.r. spectra were similar and showed N-H stretching vibrations 
at 324 - 3 2 8 m m . C = N  stretching vibrations at 162.3 - 167mm. 
in addition to other bands, which could be identified as 
arising from substituted benzene or pyridine vibrations.
■ * \
The light absorption data which are presented in
table I (p.64) are in rough agreement with the.expected values.
A comparison of the u.v. spectra of the toluene products (XVIIc)
and (XVIId) is of interest. The p-toluene compound (XVIIc) and
the toluene macrocycle have very similar chromophores with
longest wavelength maxima at 334 - 336nm. The conjugation in
this last case is, therefore less extended probably because the
Z^Zj.
o-methyl groups prevent the molecule from being coplanar. 
Possibly for the same reason the compound fails to crystallize 
readily - up to the present it has only been obtained as an. 
amorphous solid. Its lower melting point and greater - 
solubility in e.g. methanol than its p-toluene analogue is, 
therefore, to be expected.
discussed later in this chapter.
5-t-Butyl-l,3-di-2’-pyridyliminoisoindoline (XVIIb) 
readily forms a nickel .complex. When nickel acetate in hot 
formamide v/as poured into a hot methanolic solution of (XVIIb), 
a single red-brown amorphous product slowly separated out; 
after reprecipitation from chloroform, it had m.p. 270 - 272°
The p.m.r. data obtained for these compounds v/ill be
and analysed as C. , H.' N,„Ni, i.e. for (XVIII)
Me3<
 Ni
XVIII
2
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17Elvidge and Linstead reported two nickel compounds on treatment 
of di-S'-pyridyliminoisoindoline with nickel acetate. One was 
formulated as (XIX) and the other, which corresponded in 
composition to two dipyridyliminoisoindoline ligands combined 
with one atom of nickel, was tentatively assigned the structure 
(XX).
OAc
N Ni
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Both would contain nickel in a square planar configuration.
To permit.inis configuration of the metal, two pyridine'rings 
in structure (XX) would have to assume a syn-anti stereochemical 
arrangement with respect to the isoindole nuclei. In the 
present work with the t-butyl compound, only the analogue of 
compound (XX) was obtained, even when the ligand was added to 
an excess of the metal salt.
The u.v. spectrum of the new complex (XVIII). which 
was soluble, was similar to that reported for (XX), although 
the molar extinction coefficients for the maxima were lower 
(see table I). ........
It seemed more likely that (XVIII) and indeed (XX) 
would have nickel II- in an octahedral rather than a square 
planar configuration, as had been suggested. The p.m.r. 
spectrum of compound (XVIIb) can be taken to indicate that 
this ligand molecule is planar. In contrast, the structure 
(XX) is unlikely to be planar because this'would involve large 
steric hindrance between the non-chelated pyridine rings and 
the isoindole benzene rings. This would decrease the 
conjugation and so increase the energy content of the system.
On the other hand, the octahedral arrangement about the metal 
v/ould result in no such loss in coplanarity within each of the 
two ligand moieties, the structure being as in (XXI) below.
47
XXI
The magnetic properties associated with the two
alternative structures, (XX)jand (XXI), would be different, 
o'
Nickel II is a d ion and in octahedral complexes contains 
two unpaired electrons; it is, therefore, paramagnetic. In 
a square planar arrangement, however, nickel II is usually 
diamagnetic^ [and experience with square planar nickel 
complexes v/ith similar ligands (see chapter IV) shows that in 
this type of environment nickel II is indeed diamagnetic] .
A p.m.r. spectrum of an analytical sample of compound (XVIII) 
showed that this complex was paramagnetic, the phenomena of. 
line broadening and downfield shift being observed. 
Unfortunately, insufficient sample was available for an 
accurate magnetic susceptibility measurement, but the p.m.r. 
spectrum does confirm that structure (XXI) is the more probable.
30
,3
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(ii) Reactions of 3-t-Butyl-l,3-di-1 minoisoihdoline with
1,3-Diaminobenzene and 2.4-Diaminotoluene to Form Macrocycles
The preparation of three-unit materials in good yield 
from aromatic monoamines led to the successful incorporation of 
two related diamines into macrocyclic structures.
1,3-Diaminobenzene and the t-butyl imidine (X) reacted together 
in boiling n-butanol with vigorous evolution of ammonia to give 
the soluble benzene macrocycle (XXIIa), which was isolated from 
the reaction mixture by column chromatography in 66.3% yield; 
reprecipitation was from cyclohexane. Similar reaction 
conditions and work-up gave the toluene di-t-butyl macrocycle 
(XXIIb) in 33% yield from 2,2f-diaminoto3.uene. Both materials 
were initially established by mass spectrometry (M+ 330 and 
378 respectively). The successful preparation of these two 
new macrocycles under conditions which failed to give the 
pyridine macrocycle from 2,6-diaminopyridine can be attributed 
to the greater basicity of diaminobenzene and diaminotoluene.
(a) A r s
[
A r
H HN
A r
}
R*
RM
R* ss H
R" = — CMe3
A r =
XXII
R' =  H
R“ =  —  CMz-
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The macrocycles (XXII) should be mixtures of positional
isomers. In the case of the benzene macrocycle, two isomers
are possible, depending on whether the t-butyl groups are on the
same or opposite sides of the line joining the isoindole ring
nitrogens. The presence of extra methyl groups allows a total
of four isomeric structures to be drawn for compound (XXIIb).
Both macrocycles behaved as single materials when examined by
thin layer chromatography in a variety of eluting solvents but
crystallization was not found to be possible for either compound.
Furthermore, both compounds melted over a range of at least
10-1^°, so it appears that they are the expected mixtures.
Purification was less straightforward than usual, but a number
of chromatographic experiments followed by sublimation and
repeated precipitations from cyclohexane allowed good analytical
figures to be obtained for both compounds.' Similarly,
phthalocyanines prepared from t-butyl substituted starting
39materials were not obtained crystalline.
Like the unsubstituted benzene macrocycle, the new
macrocycles were attractive yellow materials and were thermally
stable - they sublimed slowly at 195-200° under a vacuum of 
-A -510 - 10 ^mm. mercury. As expected, they melted at
considerably lower temperatures (100-120° lov/er) than the
original compounds. The previously prepared toluene macrocycle
23decomposed above its melting point, but this was not observed 
for the t-butyl analogue. Once again, the solubility in simple 
organic solvents was dramatically increased by the inclusion of
50
the bulky alkyl substituents, an effect doubtless enhanced by 
the material being a mixture of positional isomers. No 
difficulty was experienced in making up 10-15% w/v solutions 
in deuteriochloroform at 3k° for p.m.r. spectroscopy.
(iii) P.m.r. Spectra (at 60 MHz)
(a) The Three-Unit Compounds
The nine protons of the t-butyl group are chemically
and magnetically equivalent, except where rotation is hindered
For example, the t-butyl protons of t-butylbenzene in carbon
50tetrachloride give rise to a sharp singlet at *1:8.68. It
was expected, therefore, that a sharp singlet in the same 
region would be observed in the spectra of the three-unit 
compounds (XVIIa-d). However, in only one case, namely, that 
of the pyridine compound (XVIIb), was a single sharp line 
obtained for the t-butyl protons: for compounds (XVIIa,c,d)
three lines were observed. The spectrum of the o-toluene 
product (XVIId), (which contains additional methyl signals) 
and that of the pyridine material (XVIIb) are reproduced in 
figures 2 and 3 respectively.
in
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It is seen that the characteristics of the spectrum 
of 3*-t-bUtyl-l,3-di-(o-toluyl)iminoisoindoline (XVIId) are in 
general agreement with the structure proposed. The features 
are a complicated multiplet in the aromatic region, a signal 
from the methyl groups at 7.8 and, at highest field, the 
t-butyl protons give rise to several signals in the region 
^8.3 - 9.0. The intensities of these groups of signals confirm 
their assignments. However, the unexpected feature was the 
observance of three signals at ^ 8.38, 8.68 and 8.92 (relative 
intensities 3.0 : 1.3 : 1) for the t-butyl protons; the methyl 
protons also give rise to three szisgalets. It was thought at 
first that this was due to a concentration effect. A 
multiplicity of signals is sometimes observed in the spectrum 
of a highly concentrated solution because complete averaging 
of solute molecular environment is no longer achieved. However, 
this explanation was dismissed because the spectra of 3 and 13% 
concentrations of solute were identical.
The true explanation now seems to lie in the fact that 
the molecule probably exists to an appreciable extent in a 
number of non-planar forms. The shielding of the alkyl protons 
is different in each of these forms. If "syr-anti" isomerism 
of the phenyl residues with respect to the isoindole moiety is 
allowed, four geometrically isomeric structures may be drawn.
'5k
M e X
Me3C
M e X
H
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The planar structure (E) is obviously the most favourable and 
the greater part of the material would exist in this form. 
Structures (F) and (G) would be next most energetically 
favourable' and both would certainly be non-planar; structure 
(H) is least favourable, being the most sterically hindered.
In (F), the "syn"-phenyl ring would be twisted out
of the plane because of the repulsion between two C-H bonds.
51 -Pauling's—single-bond radii values predict that minimum
approach distance for hydrogen and singly-bonded carbon is
1.07 2. If the phenyl ring £ in (F) were twisted 25° out of
the plane about the jf-N bond, this condition is fulfilled -
H and C are separated by a distance of 1.20 2. This value 
y x
was found by geometrical calculations on a scale drawing.
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Further investigation of the scale drawring shown permitted
the distance of the averaged position of a t-butyl proton in
the centre of the out-of-plane benzene ring to be calculated.
The relationship between the chemical shift of protons held
in proximity to a benzene ring has been computed by Bovey and 
52Johnson. The position of the proton relative to the
aromatic ring was defined by two co-ordinates - j>, ' the distance
from the centre of the ring in the place of the ring, and 2,
the distance along the hexagonal axis. For an angle of
rotation, 9  , = 25°, f and z were calculated as 4.35 and 2.24-
radius units, respectively. A rough prediction was made from
the data reported in reference 52 that the t-butyl signal in
(F) (on the assumption that the other benzene ring remained in
the plane of the isoindole nucleus) would appear at-
approximately 0.05 'V downfield of the t-butyl protons in (E).
This was evidently not so; in fact, they appeared as a singlet
at 0.10 'V upfield of their position for (E). This means that
the phenyl ring is twisted through an angle greater than 25°,
which is to be expected since, when the distance - Cx is
1.07 2, the Gr— - H distance is of necessity less than 1.07 2. p q
A second approximate value for the change in chemical shift 
caused by the aromatic ring was calculated for 0 = 90°
( p =  0.05, z  . =  4.76 radius units). Here the t-butyl protons 
come more into the paramagnetic shielding zone of the aromatic 
ring and would be expected to show at higher field. Extra­
polation of the graphical relationship, already referred to, 
indicated that the t-butyl signal-would be 0.1 - 0.2 'b upfield,
37
which allowed the tentative assignment of the ^ 8.68 singlet 
to the t-butyl protons of isomer (F). (N.B.' It must be
stressed that the predictions from the Johnson-Bovey data 
can be at best approximate, as these workers developed their 
argument for the spatial relationship of a proton to a true 
benzene ring; the case under consideration here involves an 
aromatic ring whose electronic effects cannot strictly be 
equated with those of a benzene ring.)
A similar analysis of the next most favourable 
structure, i.e. (G), also allows some predictions to be made 
.about the angle through which the benzene ring has to be 
rotated. The situation for (G) is further complicated by
the fact that it is the distance of the t-butyl protons from
the aromatic ring protons that prescribes the angle of rotation. 
However, assuming a value for 0  = 90°> f and z were calculated 
( >^= 1.20 and z = 2.66 radius units) and these values predict 
an upfield. shift of approximately 0.5 for the t-butyl protons 
in (G). The singlet at '"£8.92 was, therefore, assigned as 
arising from the t-butyl protons in (G).
No signal was observed for the t-butyl.group as it
would appear in structure (H); it can, therefore, be assumed 
that (H) makes no appreciable contribution.
The methyl protons in (XVIId) give rise to a number 
of signals centered around^7*8. These arise from the fact
58
that the methyl groups in (E), (F) and (G) are also in slightly 
different environments. ' Further work seems necessary to account 
for the relative intensity of these peaksk Referring to the 
structures on page 5k , the Mec protons would appear at higher 
field and the Me^ protons at lower field than the Me& protons 
and this would suggest the intensity of the ke^, ^ea > ^ec 
signals•should be in the ratio k : k»5 • 2.5. The integrals 
over the methyl region and careful weighing of the peaks seem 
to indicate this to be approximately so.
No attempt was made to achieve a complete analysis of 
the signals in the aromatic region as the signals result from 
the superimposition of three sets of complicated patterns. 
Hcw/ever, the integral over the region did correspond to twelve 
protons (eleven aromatic protons and the ring N-H).
A similar spectrum was obtained for the p-toluyl 
isomer (XVIIc). The t-butyl protons also gave rise to three 
singlets a t 8.58, 8,68 and 8.92 and the methyl signal appeared 
as a broad singlet (v/idth at half height = A.^ flp.p*hi. ) at0:7*69. 
The intensities of the t-butyl signals imply an approximate 
relative populations of 5 : 2 :  1 of isomers (E1), (F1), (G1) 
respectively.
The t-butyl protons also gave rise to three singlets 
in compound (XVIIa) - the phenyl analogue. Here the Op­
positions were 8.59, 8.68, 8.93 and the relative intensities
59
(obtained by weighing the signal) were 3.8 : 1.6 : 1 
respectively. Again the aromatic region consisted of a 
complex multiplet of intensity (from the integral) fourteen 
protons.
The exception was provided bj the spectrum of the 
pyridine analogue, (XVIIb). The spectrum is reproduced in 
figure 3 and it is seen that a single sharp line is observed 
at ^8.37 for the t-butyl protons. But this result can be 
predicted because only in the planar f,anti-antiM structure 
can hydrogen bonding take place as in figure Zf,
Figure Zj.
and this planar structure v/ould be retained even in solution. 
That hydrogen bonding of this sort does take place is shown by 
the appearance of the N-H signal at T -  3*9. There is no doubt 
that compound (XVIIb) has a planar structure;, there is no 
evidence to show that other geometrical isomers of (XVIIb) 
exist. [a u .v . spectrum confirmed the planar structure of 
this compound (see above), indicating extended conjugation.J
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In the aromatic region, the doublet with fine splitting at
*1:1.37 can be assigned to'the two oc-pyridine protons, i.e.,
H . They are coupled, in the first instance, to the adjacent a
pyridine protons (J , = 4-.8 Hz) and further coupled to H anda , d c
(b) The Macrocycles (XXIa.b)
.—Since the benzene and toluene macrocycles are
probably mixtures of positional isomers, more than one t-butyl
signal was expected in their p.m.r. spectra. However, only
one position for the t-butyl signals was observed for each
of these compounds. In the spectrum of the benzene macrocycle,
figure 3, the t-butyl signal was a singlet at ^ 8.38. A first-
order analysis of part of the aromatic region v/as possible.
The doublet at X  3-16 (J *> = 9 Hz) was assigned to the four
e >1
H protons; the two H„ protons gave a triplet at*t2.66 (J„ =e 1 1, e
9 Hz) on v/hich was superimposed the singlet due to H^. The
isoindoline protons showed an ABX pattern, but this can also be
interpreted, on a zero-order basis; and Hc gave rise to-an
AB quartet at *\£2.16, the lowest resonance line of v/hich v/as
under the H singlet a t 1.93* This last singlet was further a
broadened and its intensity increased because the N-H signal 
also occurred at approximately ^ 1.90* Deuteration of this 
macrocycle (carried out by shaking a solution in deuteriochloro- 
form v/ith deuterium oxide) confirmed the position of the N-H 
signal at ^ 1.90, the intensity of. the signal at that position
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being decreased by an amount equivalent to two protons.
Origin line positions and coupling constants for and Hc
can be obtained by inspection: IT and H^, 't 2.02 and 2.28
respectively, (J^ c= 10 Hz). The lines are further
split by meta coupling with H , (J . = 1.3 Hz).a a, d
. The toluene macrocycle spectrum had an appearance 
very.similar to that described for the benzene macrocycle. 
Noteworthy differences were the methyl singlet at ^  7.79> 
broadened probably by the presence of positional isomers, as 
discussed previously, and the doublet, due to the protons H©
•and H^, at T; 2.82. Deuteration of this sample allowed the 
N-H signal to be assigned as occurring at 1.86.
The light absorption data in table 1 is seen to
support the proposed structures of these compounds. In the 
near-planar benzene and toluene macrocycles, the absorption 
corresponding to the complete chromophore is s^en to occur 
at around 335nm. ; however,' in the o-toluyl and phenyl three- 
unit materials, where a large proportion of the molecules in 
solution are non-planar, only the absorptions due to the 
partial chromophore are observed. Extensive tailing in the 
300-350nm. region of the spectra of these three-unit materials 
(which causes their yellow colour) probably obscures the 
smaller contribution of light absorption due to the total 
chromophore. It is also seen that the p-toluene analogue, 
which, from.p.m.r.has. a greater percentage of planar
molecules, does, in fact, have X  336nm., but the■ max •
extinction coefficient associated with this absorption is, as 
expected much smaller than that of the same absorption for the 
macrocycles." A further point is that, e.g., the spectrum of 
(XVIIa) is quite different and shows much decreased conjugation 
from the spectra of its mono- and diphenyliminoisoindoline 
relatives.^ v/hich have no t-butyl substituent. This 
confirms that bulky alkyl groups play an important part in 
causing a~departure from planarity of these molecules.
(c) The Nickel Complex
As mentioned earlier, the p.m.r. spectrum of the 
nickel complex of the pyridine three-unit material, was a 
typical paramagnetic spectrum. The sharp t-butyl signal at 
't 8.57 in tbe spectrum of the ligand was replaced by a broad 
singlet at't8.04, which had width at half-height, 0.30 p.p.m. 
The only other signals observable in the range 't - 10 to + 10 
were two broad absorptions at - 2.9 and *X- 3-93 (widths 
at half height, 0.57 and 0.63 p.p.m. respectively). The 
integrals over these last two signals accounted for only about 
one-third of the aromatic protons. Both these effects of 
line broadening and downfield shift in paramagnetic spectra 
arise from the large magnetic moment of an unpaired electron 
compared with the nuclear moment. The broadening effect is 
due to a more efficient spin-lattice relaxation mechanism 
being available, and the large chemical shift is thought to
64
arise because of a slight transfer of unpaired.electron spin
53
from the paramagnetic ion to the ligand molecule.
TABLE I
Light Absorptions in 96% Ethanol
Compound (nm.) e Compound A  (nm.) emax. max.
(XVIIa) 233 27,300 (XVIII) 231 74,300
benzene 232 13,200 Ni complex 293 26,620
three-unit 310 7,100 three-unit 309 27,700
339 33,730
(XVIIc) 233 36,800 427 41,300
p-toluene 266 434 36,930
three-unit 312(infl.) 11,400
336 12,200 (XXIIa) 236 ;80,000
* benzene 261 43,400
(XVIId) 231 27,000 macrocycle 314 20,400
o-toluene 262 17,400 338(inf1.) 16,600
three-unit 307(infl.) 7,100 •
(XXIIb) 234 87,900
(XVIIb) 236 28,700 toluene 262 42,200
2-pyridine 262(inf1.). 20,000 macrocycle 313*3 16,000
three-unit 273 21,000 334 13,900
282 19,900
293 18,930
332 19,900
34 6 20,730
363 20,300
382 21,000
404 10,900
CHAPTER IV
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(i) Introduction
xn the original report of the preparation of the
unsubstitut.ed 2,6-pyridine macrocycle (III), the synthesis
of metal derivatives, namely those of nickel and lead, was 
20also described. Of these, the nickel derivative became
of particular interest as possibly being a 20 If- electron 
cyclic conjugated system, as represented by (XXV). This 
was in part indicated by the bond lengths derived from an 
X-ray analysis of the nickel complex. The structure (XXV) 
could also have explained the marked difference in wavelength 
and intensity of absorption between the metal complex and the 
parent metal-free ligand, which appeared to exist, entirely in 
the cross-conjugated form.
A number of important structural details were
21discovered by the X-ray technique.
' Figure 6
•I
Whilst the metal-nitrogen bonds were approximately planar, fig. 
the isoindole residues were tilted out of the plane by about 
25° in one direction and the pyridine residues through a 
similar angle in the opposite direction. This distortion 
was evidently necessary to allow the pyridine ring nitrogens 
to approach sufficiently closely to the nickel for bond 
formation and- to reduce the valency angle at the linkage 
nitrogens to an acceptable value of 122-124°. Furthermore, 
the pyridine carbon-nitrogen bonds v/ere found to be somewhat 
lengthened and the carbon-carbon bonds rather shorter than 
usual, suggestive of the structure (XXV) as already mentioned.
Apart from providing an explanation for the light 
absorption characteristics and the bond-lengths, the fully- 
conjugated cyclic system should give rise to a further effect. 
The molecule should be able to sustain an anti-aromatic ring 
current when placed in an external magnetic field. The 
concept of interatomic ring currents has been widely used to
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explain a number of properties of cyclic unsaturated systems.
This current would causemarked magnetic anisotropy of the 
system, v/hich would be detectable in the p.m.r. experiment 
by a pronounced high-field shift of the signals from the 
protons attached to the conjugated system, i.e., on the 
“pyridine" rings. A more detailed discussion of this effect 
will follow in the p.m.r. section of this chapter,
(ii) Preparation of the Nickel Complexes
The metal derivatives of the original raacrocycle 
were usually made by bringing together hot solutions of the 
macrocycle and the metal salt - usually the acetate. Besides 
the nickel II and lead II complexes already mentioned, a number
40of other metal derivatives were subsequently prepared by Lever, 
including the Co++, Fe(0H)++, Zn++, Cu++, V0++ and Mn++ 
derivatives, by the same general method.
Clearly, the failure of t-butyl-l,3-di-iminoisoindoline 
to yield a macrocyclic product with 2,6-diaminopyridine 
precluded the possibility of extending the known systhesis of 
metal derivatives to the present work. Similarly, the failure 
to obtain isolable intermediates made the prospect of 
alternative routes to the metal complexes impossible. However, 
a direct synthesis of the nickel complex, i.e., without 
going through the metal-free macrocycle, had yet to be 
investigated.
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It was reasoned that if nickel acetate were heated in
solution with a mixture'of the starting .materials, there was a 
definite possibility that these would both chelate the metal 
simultaneously, and so become arranged alternately about the 
metal in a tetraco-ordinate complex. In this arrangement, 
respective amino and imino groups would necessarily be very 
close, so that condensation should ensue readily and the 
rcacrocyclic ligand would thus be. formed around the central 
metal atom. One of the several possible by-products from 
such a reaction was likely to be the metal tetra-alkyl phthalo- 
cyanine, but the amount of phthalocyanine could presumably be 
reduced by allowing di ami no pyridine to interact v/ith the metal 
salt before the t-butyl imidine was added.
macrocycle metal complex was achieved by this type of synthesis. 
Crystalline nickel acetate was dehydrated by heating it in 
n-butanol containing 2,2-dimethoxypropane; the green colour
of the crystalline salt was rapidly discharged. Dimethoxy- 
propane acts as an efficient dehydrating agent by reacting with 
water to form methanol and acetone.
The first successful preparation of a soluble pyridine
OCH3
g h 3— c— c h3 c -t- 2 CH3OH
OCH3 o
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2,6-Diaminopyridine•was added to the suspension and this was 
followed after a time by'the addition of the t-butyl imidine.
The solution rapidly changed colour, becoming dark greenish- 
blue, and the colour change was accompanied by copious 
evolution of ammonia. Heating was continued for five hours, 
by which time evolution of ammonia had slackened. Once again, 
no product separated on prolonged refrigeration, but thin 
layer chromatography clearly indicated nickel tetra-t-butyl- 
phthalocyanine to be the major product. However, a more polar 
green spot v/as also noticeable in the chromatogram. Column 
chromatography on alumina was employed to separate the product 
mixture. The metal phthalocyanine was collected first in 54% 
yield, followed by the nickel complex of the pyridine macrocycle 
(XXVIa) in 6.4% yield. The dark green solid thus obtained was 
impure and had a low melting point.
R’
R”
NH
NH +
n h 2^ n / ^ n h 2
NH
-f Ni(OA^2
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R'
R*1
XXVI
II CMe
(b) R' =  H; R" s  —-CMe3 ; R'" =  — CHMe2
R' =  R" =  H; R'“ == — CHMea
A number of other chromatographic systems were tried in an 
endeavour to achieve greater purity of the product but neither 
anhydrous sodium sulphate nor silica gel gave any advantage; 
with the latter decomposition probably occurred owing to the 
acidic nature of the solid phase, v/hilst sodium sulphate was 
insufficiently selective. Like the original nickel compound, 
however, the new compound also proved to be reasonably stable 
thermally and sublimation v/as possible with little decomposition 
under high vacuum. The purity thus obtained was sufficient to 
allow the compound to be established by its spectra, but final
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purification proved to be difficult. However, repeated 
chromatography followed by sublimation and careful reprecipitatiou 
from the minimum quantity of cyclohexane gave a product which 
analysed w'ell for the nickel complex. Prolonged treatment of 
the material in boiling methanolic solution with hydrogen sulphide 
caused decomposition of the complex. Nickel sulphide (74% of 
the theoretical amount) was obtained, but the metal-free 
macrocycle could not be recovered.
-i o
Two other nickel complexes were made by the same 
general method. The metal derivative of the macrocycle from 
4-isopropyldiaminopyridine with the t-butyl imidine was 
prepared in 10% yield and that of the macrocycle from the alkyl 
diaminopyridine with 1,3-di-iminoisoindoline itself in 12% yield. 
Both materials were also purified hy chromatography and 
reprecipitation from cyclohexane. ~
As expected, these new macrocycles had lower melting 
points than the original compound. The lowering was greatest 
for the tetra-alkyl compound, which melted at 230-238°. In 
addition, analogously to the benzene and toluene macrocycles, 
two of these macrocycles appeared to be mixtures of positional 
isomers and the solids were not obtained in an obviously 
crystalline form. Neither was it found possible to crystallize 
the nickel di-isopropyl macrocycle, even though only one isomer 
is possible here. The solubilities of these compounds were much 
increased, approximate values for- chloroform being as shown in
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table 2.
Table 2
Solubility in 1ml. chloroform 
0.09mg.
0.08mg.
0.033mg. 
negligible weight
The effect of the isopropyl groups in increasing the solubility
%
is not so great as that of the more bulky t-butyl groups.
However, the solubilities of all the new metal complexes were 
quite sufficient for detailed spectroscopic investigations.
(iii) Attempted Preparation of Other Ketal Derivatives
When anhydrous cobalt chloride was used in an attempt 
to make a soluble cobalt analogue, a complex mixture of products 
was obtained, v/hich was not separable by chromatography or by 
any other conventional means. In addition, a u.v. spectrum 
of the crude product mixture indicated only tailing of absorption 
at wavelengths longer than proving the absence of a
macrocyclic product. The failure to obtain a macrocycle in 
this case was somewhat unexpected; it may be attributable to 
the fact that hydrogen chloride would be produced in the reaction, 
which would cause solvolysis or hydrolysis of both the starting
Compound 
XXVIa 
XXVIb 
.XXVIc 
"XXV»
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imidine and intermediate products.
An attempt to prepare a soluble lead macrocycle by 
the use of plumbous acetate was also unsuccessful. However, 
this was not altogether unexpected. The diameter of covalent 
lead is considerably larger than the djameter of the macrocyclic 
cage, so that even if co-ordination of the imidine and 
diaminopyridine were to take place, the reactive sites would 
probably be too far apart for the necessary cyclization 
reactions to ensue. This explanation is in accord v/ith the 
suggestion that the original lead macrocycle was probably ionic.^ 
Furthermore, 5“t-butyl-l-oxo-3-(6’-amino-21-pyridyl)imino- 
isoindoline (XXVII) was isolated from the reaction.
e
M e 3C
9
XXVII
This material could arise from hydrolysis of a two-unit
condensation product by acetic acid and its isolation lends 
support to the suggestion that the lead atom performs its
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co-ordinating function adequately (no such condensation product 
was obtained in the absence of a metal ion - see chapter I).
The new compound was highly crystalline and could be 
recrystallized easily from methanol. Its structure was 
established by mass spectrometry and by its p.m.r. and u.v. 
spectra and by elemental analysis.
\\ The p.m.r. spectrum showed the t-butyl singlet at
T8.60, whilst the signal from the isoindole ring nitrogen-i
•
proton, H^, was at the low field of t  - 1.25; this strongly
suggested hydrogen bonding with the pyridine ring nitrogen.
Both these features imply that the molecule is planar, a
result which was expected from the discussion in Chapter III.
The aromatic region of the spectrum can again be interpreted
on a nzero-ordern basis, rather than through a first order
ABX analysis, or a higher order analysis. The signal from
H at 1:1.95 showed fine splitting whilst the signals from a
the protons, and Hc approximated to an AB quartet, centered 
at T2.30 v/ith = 9Hz. ' Partially superimposed on this 
quartet was a triplet signal at 1:2.50 from He giving 
Je£ = Je£ = 8Hz. The two doublets corresponding to and 
were at 1:3.16 and 1:3.66 respectively with J^e = J^e = 8Hz; 
the 'meta1 coupling, , appeared negligibly small.
The u.v. spectrum in ethanol was very similar to 
that of the unsubstituted compound, except that a point of 
inflection at 363^m. in the spectrum of the unsubstituted
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material did not appear to have a counterpart in the spectrum 
of (XXVII) i, The mass spectrum showed a parent molecular ion 
at — 294, which was also the base peak of the spectrum.
(iv) U.V. Spectra of the Nickel Complexes
The light absorption data for the three macrocyclic
nickel complexes in chloroform solution are shown in Table 3-
The small differences were quite reproduceable. Of interest 
are the positions of the longest wavelength absorptions; the
Table
Compound max. Compound A  (nm.) e * max.
(XXVIa) 286.3 23,300
19,600
(XXVIb) 278 33,000
404
420(infl.) 13,400
322
21,000
320.3 29,200
400 21,600
422 16,000
' 450 18,230 431 17,300
(XXVIc) 276 33,200
319 27,200
400 22,230
433
423 17,400
21,800
77
highest value (433nm«) is for the compound (XXVIc) where the 
electron-releasing groups are attached directly to the 
.macrocycle chromophore, whilst a lower value is encountered 
for compound (XXVIa), where the alkyl groups are more remotely 
attached. The values for the third compound, where both sorts 
of alkyl groups are present, lie closer to those of (XXVIa).
The intensities of the absorptions are also greatest for 
compound (XXVIc). These differences, though slight, may be
regarded as evidence that the iso-propyl groups on the
■}
pyridine residues lengthen the conjugated system, whereas 
the t-butyl groups seem to contribute to a dilution effect.
This suggestion tends to support the idea of a conjugated 
macrocyclic system as drav/n in structure (XXV) above, because 
if such a system existed, then only the pyridine alkyl groups 
would be hyperconjugated to the macrocyclic ring (cf. ref. 23) 
and these alone should be responsible for a bathochronic 
shift in the longest wavelength absorption.
The u.v. spectra'of these compounds are very 
sensitive to the solvent in which they are run. Thus the 
maxima recorded for a chloroform solution were shifted 
hypsochromically in 96% ethanol, those for the di-t-butyl 
compound (XXVIa) then being at 247,280, 313, 391 and Zf26nm. 
Again, there was hypsochromic shift of the maxima in pyridine, 
those for the di-isopropyl compound (XXVIc) occurring at 313, 
361, 392, 414 and 442nm. This effect is probably due to 
the ability of these two solvents to act as ligands, so that
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the complexes in solution accept two solvent molecules and 
become octahedral. Whilst solutions of the compounds (XXVIa, 
b,c) in chloroform were dark-green in colour, solutions in 
methanol, ethanol and pyridine assumed a brownish colour. A 
number of attempts were made to isolate solvates of the 
macrocyclic complexes, but without success. Even on slow 
evaporation of the solvent at atmospheric pressure, the 
resulting solid materials lost their brown colour and reverted 
to dark green. Clearly, octahedral complexes in this series 
are very labile.
(v) Spectra of the Nickel Complexes
The cyclically delocalized Tr-electrons of a (4n+2) 
Huckel aromatic system can give rise to an induced ring 
current, when such a compound is placed in a strong magnetic 
field. Since such a system does not possess spherical 
symmetry, the magnitude of the effect in surrounding space 
of this induced current does not average to zero for all ; 
orientations of the ring with respect to the external field; 
Thus protons in the surrounding space experience a shielding
or deshielding effect, depending on their position relative to
.. . 41the ring.
Figure 7 ^
The diamagnetic circulation of Tr-electrons gives rise to a
magnetic field which is parallel to the applied field for
protons outside the ring and in the plane of the ring and
these protons are, therefore, deshielded; the induced field
is antiparallel to the applied field at the centre of the
ring, so that protons above and* below the ring are shielded.
Theoretical chemical shift values have been calculated for
protons in all positions around a benzene ring and reference
has already been made to tlie success of this treatment in ■
Chapter 3» For larger rings, the effect is also well-known,
in particular for some compounds in the annulene series which
have (/fn+2)^ electrons. In addition, the phthalocyanines
possess a delocalized 18 TT-electron ring and the effect of an
38 39induced diamagnetic ring current has also been noted here;^ 
the 'V values for protons attached to the periphery of the 
phthalocyanine ring are downfield of those expected for 
benzenoid protons, whilst those for protons on groups attached
80
to the central metal atom are shifted upfield.
- However, the theory also predicts for planar 
TTelectron (non-Huckel) conjugated systems that the ring current 
is paramagnetic.^ here there is a positive contribution to 
the shielding of peripheral protons and corresponding 
deshielding of protons held, over the ring. The p.m.r. spectra 
of some annulenes, which possess n^'tc electron conjugated systems, 
show that the ring current effect is indeed opposite to that 
displayed by the (4n+2) annulenes, i.e., protons outside the 
ring in the plane of the ring experience an upfield shift in 
''t values and those inside the ring a downfield shift. The 
magnitude of these shifts cannot adequately be explained by local 
anisotropy effects.
The nickel complex depicted in structure (XXV) has a 
ring of 20 delocalizedelectrons. If this structure is 
indeed predominant, then the development of a paramagnetic ring 
current would be expected dn the p.m.r. experiment. This would 
result in a noticeable upfield shift of the resonance positions 
for the protons on the pyridine ring.
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8/f
The spectrum of the di-t-butyl compound (XXVIa), fig.8,
shows the t-butyl singlet' at ''t 8.68 and a complex pattern in
the aromatic x-egion. . There is a doublet (with additional fine
splitting) at^3-60, due to protons and H , with J^e = 8Hz.
He gives rise to a triplet at^t2.8, Je .^ = 8Hz. The signals
due to the isoindole protons Ha, and Hc are seen to occur in
the region^2.32 - 2.63. The singlet at*V2.Jf, which shov/s fine
splitting, can be assigned as arising from the two protons, H ,a
and the protons and Hc give rise to the signals at ^ 2.3 - 
2.63, about which further deductions cannot be made because of 
the low resolution achieved. The intensities of the signals 
confirm this very approximate analysis of the aromatic signals. 
No other signals were detected when the field was swept from *t-3 
to +13.
In the spectrum of (XXVIb), the signal due to H^ . and
H is a singlet at^3.3 as the h-position on the pyridine 
S
residue is here substituted by the isopropyl group. Once again
the protons H , H, and H give rise to signals at^2.27 - 2.35* a7 b c
In the alkyl region-, the signals from the t-butyl protons and 
the methyl protons of the isopropyl group occur at^ 8.63 and 
^8.69, respectively, the latter signal being a doublet with 
J = 6.3Hz, one line of which can just be seen on the side of the 
t-butyl singlet. The methine signal from the isopropyl group 
is just visible, centered at'V?^, but values for the coupling 
constant here cannot accurately be obtained by inspection.
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The spectrum of the third nickel macrocycle, the
di-isopropyl compound (XXVIc) (fig. 10) was obtained by the
summation of thirty accumulations of the original•spectrum.
This was in order that the methine signal might become clearly
visible. The isopropyl doublet is again seen at^t8.69 with
J = 6.5Hz, and the methine signal is a distorted septuplet,
centered eX'X'l.2$. J = 6.5Hz. Again the protons, and H ,
* g
give-a finelyrsplit singlet, at rt3.53« The integral over the
region^2.1 7 2.6 accounts for the isoindole protons, H , H, ,a d
H and H ,;* the signal pattern appears to correspond to the c
AA'BB1 case.
Clearly, the chemical shifts of the pyridine protons 
show that the large ring does not carry an induced ring current, 
their 'X positions being more or less as expected for the 
protons of a pyridine nucleus t’o which are attached electron- 
releasing substituents, (e.g., the resonance position for the 
pyridine ring -protons in Zf-isopropyl-2,6-diaminopyridine is 
at 'X if. 26). This result is in accord with the nickel complexes 
being cross-conjugated and the obvious implication is that the 
conjugated system of structure (XXV) does not exist in solution 
at 34°. .
To gain more information about the presence or absence 
of a fully conjugated pathway in these macrocycles, however, it 
seemed appropriate to study the p.m.r. spectra at different 
temperatures; in particular, low temperature spectra would be
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of interest, as at low temperatures, it was hoped that the
macrocyclic complexes would approximate more closely to the
solid state, for which the X-ray data previously discussed
were necessarily obtained. The low temperature spectra dnd
one at +40° were compared with the original spectrum at +3k°
for the di-t-butyl compound (XVIIa). Two solvents were used
-deuteriochloroform in the range +40° to -50°, and trichloro-
o ofluoromethane in the range -30 to -100 . Due to the 
considerably reduced solubility of the nickel complex in 
trichlorofluoromethane at temperatures approaching -100°, the 
spectra at these temperatures were so weak as to require 
accumulation. In a typical experiment, the spectruta was 
accumulated sixteen times at -100°. The spectra taken at 
+ZfO°, -30°, -100° all showed the same features, namely, the 
t-butyl singlet at'V8.58 and two groups of signals in the 
aromatic region - the pyridine 3^ -protons at ^ 3.5 and a complex 
signal between ^ 2. k- and't:3.0. Some resolution was lost in the 
low temperature spectra.
/
This can be regarded as conclusive evidence that the 
nickel complexes have little or no ring current associated with 
them; there is no reason to suppose that the situation would 
be any different in the original compound. It seems, therefore, 
that the departure from planarity is too great to permit 
extensive combination of the orbitals to occur over all of the 
large ring. The "total" deformation angle (departure from 
planarity) for the large ring is in fact 30°, and this
deformation occurs twice in one circuit of the macrocyclic system.
CHAPTER V
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(i) Introduction
By analogy with the work on the pyridine macrocycle, 
it seemed most appropriate to attempt preparation of an aza- 
linked pyrimidine macrocycle by the condensation of a diamino- 
pyrimidine -.,1th di-iminoisoindoline. The macrocycle (XXVIII) 
expected in this way from 2,if-diaminopyrimidine would be of 
particular interest, as the central arrangement of the nitrogen 
atoms would be suitable for bonding with a metal, and the other 
pyrimidine ring nitrogens would be available for quaternization.
dye type cationic resonance is seen by consideration of 
structures (XXIX), (XXX) and (XXXI). In addition, the 
unmetallated compound could theoretically exist at more than 
one hydrogenation level.
XXVIII
That the quaternized compound could exhibit cyanine-
XXXI
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Valence change of a chelated metal should also be facilitated 
and it is oossible that the material might be a photochemically 
active ivdox catalyst. .
little work has appeared in the literature on 
reactions of pyrimidine derivatives with 1,3-di-iminoisoindoline. 
This has, perhaps, been due to the lesser availability of 
suitable pyrimidine derivatives relative to those in the 
pyrimidine series. Although pyrimidine derivatives are 
extremely important in nature, pyrimidine itself is difficult 
to prepare and substituents are rarely introduced by a direct 
reaction on pyrimidine, as is the case for the preparation of 
some pyridine derivatives, e.g., the 2,6-diamino compound, from 
pyridine. More usually, a synthetic route is devised for 
substituted pyrimidine derivatives whereby the pyrimidine is 
made directly from suitable aliphatic starting materials. 
Attention was paid .to evaluating alternative methods for the 
synthesis of 2,A-diaminopyrimidine. It was envisaged that 
the highly electron-deficient character of the pyrimidine 
ring could lead to decreased reactivity of the amine groups, 
so that the reaction with di-iminoisoindoline would be 
favoured by the presence of electron-releasing substituents, 
such as alkyl groups. In addition, the effect on solubility 
of the inclusion of bulky alkyl groups on the periphery of the 
macrocycle would again be of interest. Thus a number of 
alkyl 2,A-diaminopyrimidines were prepared together with some 
other pyrimidines which should be suitable and their reactions
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with di-imin dsoindolines studied.
(ii) Reactions v/ith 2.4-Diaminopyrimtdlne
Substituted pyrimidines are best made directly by 
reaction of *:one-carbon two-nitrogen" materials such as urea, 
thiourea, guanidine or a substituted amidine with a "three- 
carbon" compound such as acetyl acetone. For the direct 
synthesis of 2,4-diaminopyrimidine, therefore, it would be 
necessary to react guanidine (or a salt) with a compound such 
as cyanoacetaldehyde, possibly as its diethyl acetal, i.e. 
(XXXII).
XH (O Ef)2
Ct-L,
NH. NH. NH,CN 2 2
XXXII
The preparation of cyanoacetaldehyde has been reported by
58hydrogenation of a chloroisoxazole in basic solution or from
59iodoacetaldehyde and silver cyanide. The reaction of the
acetal of this compound with urea to give cytosine is not 
60ready, however. It seemed a better approach, on balance,
to introduce the amino groups by replacement of more easily 
introduced substituents.
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First an investigation, into the preparation of 
2-amino-4-hydroxypyrimidine (isocytosine) from sodium ethyl 
formylacetate (XXXIII) and guanidine was. carried out.
The sodio derivative was made in solution by adding a mixture
of ethyl acetate and ethyl formate to a chilled ethereal
solution of sodium ethoxide. Free guanidine in ethanol was
added to the solution of the crude sodio derivative and the
mixture boiled for twenty-four hours, but only a 3% yield of
2-amino-Zf-hydroxypyrimidine was obtained. When guanidine
hydrochloride or guanidine carbonate was used, none of the
product was obtained. It is believed that this disappointing
result was a consequence of the quality of the sodium enolate,
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a feature which has been noted already. Cogan has reported
that the material prepared as above contains 63% (XXXIII),.but
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subsequently McElvain and Clarke deduced a purity of only 39% 
for this salt. It seemed, therefore, that routes based on this 
material would inevitably be poor and so the idea was abandoned.
H
C O O E t
CH
CONa
NH 2
Probably the reaction v/hich gives the most satisfactory 
yield of a 2,£|-disubstituted pyrimidine from readily accessible 
starting materials is the "Davids'on-baudisch" synthesis of uracil. ^
9k
Formylacetic acid can be obtained in solution by dissolving 
malic acid in oleum (15-20% sulphur trioxide in sulphuric acid) 
and this is immediately reacted with urea. Uracil is obtained 
in yields of k0-50%. A yield of 50% was obtained in the 
present work. Uracil was suspended in a mixture of phosphoryi 
chloride and R,N-dimethylaniline and heated over a steam-bath. 
After work-up, 2,if-dichloropyrimidine was obtained in 55% yield. 
2,4-jDia.minopyrimidine was prepared by heating the dichloro 
compoundl"inAphenol1 at 190 with a trace of anhydrous copper 
sulphate as catalyst. The phenol was removed by steam 
distillation and the diamino compound isolated from the residue 
as the nitrate. Decomposition of the nitrate with sodium 
hydroxide gave 2,2f-diaminopyrimidine in 82.5% yield. The 
structures of these compounds were confirmed by their spectra, 
details of which can be found in the experimental section 
(chapter VI). .
Reaction of 2,4-diaminopyrimidine with 1,3-di-
iminoisoindoline in boiling n-butanol gave an amorphous green
solid. This solid was shown by mass spectrometry to contain
a three-unit material (XXXIV) (~331), which corresponded to
the product from reaction of two molecules of diaminopyrimidine
with one molecule of imidine^ together with a hydrolysed two-
unit product (§ 239), (XXXVa). In attempts to separate the © '
product mixture, the usual techniques of crystallization from 
high boiling solvents, such as nitrobenzene, propylene carbonate 
and benzyl alcohol among others, and sublimation were employed,
but without ,-nccess. The product from the crystallization 
experiments was invariably, a gel-like material, which was 
unchanged in composition from the original material. The 
initial filtrate from the reaction mixture, however, on 
prolonged standing yielded crystals ot* 2,Zf-di-(l-oxo-3“iso- 
indolenylamino)pyrimidine (XXXVIIa).
NH H N
At this point, efforts were made, by varying the 
conditions of the reaction, to prepare exclusively either the 
two-unit material or the three-unit material. These would 
then be reacted further. Thus, reactions were carried out 
with different relative amounts of the two reactants at 
temperatures ranging from room temperature to 100° but once 
again where solid products were obtained, these were almost 
invariably mixtures, which it was not found possible to 
separate. In only one such experiment - v/here two mols. 
of diamine and one mol. of imidine were heated together in 
boiling sec-butanol for fifty-six hours - was any of the 
expected product obtained. The small amount of phthalocyanine
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formed was removed by periodic filtration during the reaction. 
After cooling, diaminopyrimidine was recovered in 33% yield 
and from the residue a minute amount cf 1,3-di(2'-amino-Jf- 
pyrimidylimino)isoindoline (XXXIVa) was isolated.
Surprisingly, when the t-butyj imidine (X) was 
reacted v/ith 2,4-diaminopyrimidine, there was some evidence 
of macrocycle formation. After work-up, the yellow product 
was shown by mass spectrometry to contain some macrocycle but 
the main product appeared to be the three-unit condensation 
product (XXXIVb). A partial separation of the product into 
these components was possible by hot ethyl acetate extraction, 
and a crude sample of the three-unit material was obtained.
A number of attempts to react this latter material with a 
further quantity of imidine in order to prepare the macrocycle 
failed and the three-unit compound was recovered unchanged.
These results indicated that the formation of the 
macrocycle was made difficult by a decreased reactivity of 
one or other of the two amine functions of the pyrimidine.
That the basic character of the amino groups would be reduced 
by their attachment to the highly electron-deficient pyrimidine 
ring was expected: the inductive effect of the ring nitrogens
tending to withdraw electrons from the amine substituents would 
lead in the extreme to a tautomeric transfer of hydrogen atoms 
from the amino nitrogens to the ring nitrogens.
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that for 2- and Zf-aminopyrimidineHowever, it has been shown
the amino form predominates over the imino form in neutral
6aqueous solution by a factor of about 10 in both cases. 
Nevertheless, there is no doubt that the amino substituent in
less reactive than the Zj.- substituent. To test this reasoning, 
it was decided to investigate the reaction of 2-aminopyrimidine 
with 1,3-di-iminoisoindoline.
No evidence was obtained in a number of experiments 
that 2-aminopyrimidine reacted with 1,3-di-iminoisoindoline.
The reaction was studied in solution at temperatures of 120° 
and 212° by heating the reactants in boiling n-butanol and 
nitrobenzene, respectively. In each case, a good recovery of
in the 2- position is subject to the electron-withdrawing
effect of both of the ring nitrogen atoms and so might well be
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unchanged pyrimidine was obtained, the remainder of the product 
being mainly phthalocyanine. Experiments carried out with the 
t-butyl -imidine and 2-aminopyrimidine in boiling n-butanol . 
similarly resulted in the formation of tetra-t-butylphthalo- 
cyanine' and the recovery of 2-aminopyrimidine., [in these 
reactions, the di-inline was added slowly over, one hour to 
minimize phthalocyanine formation; the reaction times were the 
same as for the reactions of the diaminopyrimidines v/ith the 
di-imines.] More drastic conditions were then employed: '
equimolar amounts of phthalonitrile, 2-aminopyrimidine and 
sodium hydride were heated together in the absence of a solvent 
at lZfO0 for one hour and then at 180° for 0.5 hours. Work-up 
of the reaction product gave sodium phthalocyanine in 72% 
yield, and the recovered pyrimidine in 51% yield. These 
results gave a powerful indication that the 2- position on the 
pyrimidine nucleus is quite unreactive in this type of 
condensation reaction. Of course, the 2-amino group of 
2,Zf-diaminopyrimidine would be expected to be somewhat more 
reactive, by virtue of the electron-releasing character of the 
4-amino substituent and this is evidenced by the formation of 
some macrocycle in the reactions, referred to above, between 
the diamine and the imidines.
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The low reactivity of the 2-amino group in reactions 
v/ith di-iminoisoindoline indicated, with some certainty, that 
the structures of the two- and three-unit malerials obtained 
from diaminopyri mi dines were (X-XXV), (XXXVI) and (XXXIV).
NH
NH
NH
(a) R s  H
(b) R = [■- 0 y
NH
O
RSH
NH
R
NH
NH
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The small amount of macrocycle formed in some of these reactions
must have arisen from reaction of the terminal amino groups of
one or other of these products. It would also seem likely
bbthat the compound, reported by Clark and Elviage to be formed 
by condensation of equimolar amounts of 2,4-diaminopyrimidine 
and 3-iffd.no-T-oxoisoindoline in ethoxyethanol, has the structure 
(XXXVa),. and not the isomeric alternative, as was suggested.
Condensation of 2,£f-diaminopyrimidine’ with 3-ifi no-
1-oxoisoindoline in boiling nitrobenzene gave a good yield of 
2,A|.-di(l-oxo-3-isoindolinylideneamino)pyrimidine; this was in
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agreement with earlier results.^ Fere, the reluctance of the
2-amino group to condense had been overcome, apparently by two 
factors: (i) the high temperature; sufficient to overcome the
activation energy barrier; and (ii) the absence of the 
competing reaction of phthalocyanine-xormation. In reactions 
with the imiLvIine it is not possible tc x-aise the temperature 
very far because either decomposition or formation of 
phthalocyanine intervenes. Consequently, condensation with an 
unreactive amine may not be achieved.
its conversion into the dithio analogue could be achieved.
Compound (XXXVIla) was expected to provide another
possible route for synthesis of the required macrocycle, if
?
O O
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This last compound might be capable of reaction with a further 
quantity of 2,^-diaminopyrimidine under conditions where the 
hydrogen sulphide formed would be removed immediately. 
Unfortunately, reaction of (XXXVIIa) with phosphorus pentasulphide 
in xylene gave as reaction product as intractible oil and the 
reaction scheme was not investigated further.
The incorporation of nickel acetate in the reaction 
mixture, which had been used to advantage in the synthesis of 
the nickel complexes of the pyridine macrocycle (see chapter IV), 
proved to be of no avail in the present work. Nickel tetra-t- 
butylphthalocyanine was the product from a reaction in which 3“ 
t-butyldi-iminoisoindoline and diaminopyrimidine were added to 
a suspension of anhydrous nickel acetate in n-butanol; the 
diaminopyrimidine y/as recovered in 60% yield. Possibly the 
fact that there are two nitrogens in the pyrimidine moiety 
available for chelation rather than just one in the pyridine 
case is a cause for failure of this reaction.
Another approach was made to the problem of 
macrocyclic synthesis from diaminopyrimidine by setting up a 
reaction of the diamine with 1,3,3-trichloroisoindolenine 
(XXXVIII).
This latter material was made from phthalimide and phosphorus 
pentachloride by reaction in 1,2-dichlorobenzene. It was 
reacted with diaminopyrimidine under a variety of conditions 
where the hydrogen, chloride produced was swept from the 
reaction mixture and absorbed. In each case, the dark 
product consisted of highly polar materials, which had no 
extended conjugation. Similar results were obtained in 
reactions with 2-aminopyrimidine.
Thus, the expectation that the electron-deficient 
nature of the pyrimidine ring would lead to difficulty in 
macrocyclic synthesis was realized. It is noteworthy that 
similar failure to achieve, reaction of a pyrimidine 2-amino
i p
group v/as also observed by A.T.C. Liu. The hemicyanine
condensation product from reaction of di-iminoisoindoline
10k
with the pyrimidine shown was not degraded by boiling 
hydrochloric acid; it was, therefore, formulated with a 
methine link as shown rather than an aza link.
NH
NH
NH
'+
H3C N^ NH2
C H
NH
NH
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It seemed appropriate at this stage to proceed with 
an investigation of the reactivity of pyrimidines in which the 
low electron density of the ring would be somewhat 
counteracted by the presence of electron-releasing substit­
uents.
(iii) Reactions with' 2., 4-Diamino-3«6«7«8-tetrah.ydroquinazaline
This material (XXXIX) was made by reaction of 
dicyandiami.de with cyclohexanone at 170° under conditions 
where the water produced v/as continuously removed.
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A yield of 33%'was obtained. This diamine (XXXIX) could, 
in effect, be regarded as a 2,4-diaminopyrimidine alkylated 
in the 5- and 6- positions and it was anticipated that the 
non-planar character of the "cyclohexane" ring might be 
sufficient to cause an increase in the solubility of the 
products in organic solvents, relative to those from 
diaminopyrimidine itself. It seems that this preparative 
method for (XXXIX) is only suitable for fused-ring pyrimidines, 
however, as-attempts to prepare 5-n-heptyl-2,A-diaminopyrimidine 
from n-heptaldehyde and dicyandiamide were unsuccessful.
provided real evidence that condensation of both amine functions 
in a 2,A-diaminopyrimidine could be achieved under conditions 
which were suitable for the formation of a pyrimidine macrocycle. 
When both materials were heated in 2-methoxyethanol, ammonia was 
copiously evolved. A solid product was obtained on treatment 
of the reaction mixture with water. This crude product had
Reactions of compound (XXXIX) with di-iminoisoindoline
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light absorpt"* on in chloroform solution at 263 and J>l\Onm. and 
was shown by mass spectrometry largely to consist of the two- 
unit material in which hydrolysis the terminal imino group 
had taken place, i.e., (XLII). More important, however, it 
was also shown to contain both possible three-unit materials 
(XL) and (XLi), in one of which hydrolysis of the isoihdoline 
imino groups had taken place, and that both were present in 
amounts which were roughly equal.
NH
NH
■NH.
10?
XL I
NH.
NH
XLII
Although no macrocycle was seen to have been formed, the other 
results were encouraging, showing that the inductive effect of 
alkyl substituents in the 5- and 6- positions of the pyrimidine 
ring was sufficient to increase the reactivity of the 2-amino 
group to a level comparable with that of the Zf-amino group.
108
Increasing the reaction time from twenty-one hours to seventy 
hours and, in another experiment, raising the reaction 
temperature to the b.p. of glycol did not, however, lead to 
the formation of any macrocycle. It was decided, therefore, 
to attempt a synthesis via a ’step-wise1 reaction*
boiling n-propanol for nineteen hours, after which time a 
u.v. spectrum of the solution^ had absorption maxima at 267 
and 339nm. and an i.r. spectrum shov/ed the absence of carbonyl 
stretching vibrations. A mass spectrum of the solid obtained 
after work-up showed only the presence of the unhydrolysed 
two-unit compound (XLIII), together with the starting materials.
Equimolar amounts of the reactants were heated in
nh2
NH
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This product v/as heated in cC-chloronapthalene at 2.2.0° for
thirty minutes. After cooling, the solution v/as' filtered 
free of a dark amorphous solid which showed no extended 
conjugation;- work-up of the red filtrate with methanol 
gave a brown solid, which was shown largely to consist of. 
the starting two-unit material. It is not.clear why the 
two-unit material did not react with itself to give the 
macrocycle.
(iv) Reactions with 6-Isoprop.yl-2.4-di ami n o py r i mi dine
macrocycle formation from 2,6-diamino-4-isopropylpyridine 
and di-iminoisoindolines (Chapter IV). it was decided to 
investigate reactions of the analogous compound in the 
pyrimidine series, i.e. 6-isopropyl-2,4-diaminopyrimidine. 
For the preparation of this last compound, it was felt that 
the most efficient route v/ould be via the 6-substituted 
uracil, as for 2,4-diaminopyrimidine itself. Thus ethyl 
4-methyl-3-oxovalerate was required.
On the basis of the previously described work on
C H fc NH2
+ r*
COOEf
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A number of preparations of this y5-oxo-es ter were carried out,
The first of these v/as via the general method 
described by Breslow et al.
/
CH
\
COO Eh
COO Eh
/
CH
\
COOEh
COOH
/
CH
\
COOEh
COCI
/
■> CH
\
COOEh
2
/COOEh
COOBu
(c k ) c h c o c h  
2 \
'COOBur
>  ( ch )  CH CO CKpOOEh
XLIV
Ill
The acylatior step v/as carried out by reacting ethyl t-butyl 
malonate with magnesium ethoxide and acylating the derivative 
so formed with isobutyryl chloride. .Heating the'crude acyl 
ester in dry benzene with a small amount of p-toluenesulphonic 
acid then gave the required y5-oxo-ester. The yield of ethyl 
4-methyl-3~oxovalerate from ethyl t-buuylmalonate was 20%.
A more satisfactory preparation of compound (XLIV) 
was carried out by means of an acetoacetic ester synthesis. 
Ethyl sodioacetoacetate was treated with isobutyryl chloride 
and the product hydrolysed by treatment with gaseous ammonia. 
Difficulty was encountered in purifying the product by 
distillation because of the closeness of boiling points of the 
product and ethyl acetoacetate which was also produced.
(ch) c H COCHCOOEh 
V ^  |
CHCOCI
(ChOcHCO CH COOEh ( +  CHjCOCHpOOEe )
XLIV
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However, this was satisfactorily overcome by washing the
crude.product mixture several times with a concentrated
solution of sodium bisulphite which removed the ethyl
acetoacetat^. The dried organic layer v/as then distilled
giving compound (XLIV) in 43% yield (based on the quantity
of acetoacerate used).
\
From they£-oxo-ester, 6-isopropyl-2-thiouracil was 
prepared by reaction with thiourea and sodium ethoxide in 
ethanol. This compound was interacted with chloroacetic 
acid to give the 2-methylcarboxy compound, subsequent 
hydrolysis of which gave 6-isopropyluracil. As in the 
preparation of diaminopyrimidine itself, this was treated 
with phosphoryl chloride to make the alkyl dichloro compound, 
which v/as then treated with ammonia to give the required 
6-isopropyl-2,4-diaminopyrimidine. These last three new 
products were established by elemental analysis and by their 
spectra (i.r., u.v. and p.m.r.), important features of which 
are listed in the experimental chapter. The i.r. and u.v. 
spectra were similar to those of the parent compounds and 
the solubilities of the materials, which, as anticipated, 
were increased, allowed p.m.r. data to be collected with ease 
for the dichloro- and diamino- compounds.
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It was not possible, due to lack of time, to 
investigate fully the suitability of 6-isopropyl~2,A- 
diaminopyrimidine for macrocyclic synthesis. That the 
new material had certain advantages was established, 
however, in some preliminary experiments.
To assess whether the reactivity of the amino 
group in the 2- position was enhanced by the presence of 
the 6- alkyl group, the new diaminopyrimidine (XLV) and
3-±mino-l~oxo-isoindoline were heated in boiling 2-ethoxy- 
ethanol for six hours. A 28% yield of the expected 6-iso- 
propyl-2,A-di-(l-oxo-3-isoindolinylideneamino)pyrimidine 
(XXXVIIb) was obtained.
1 1 /f
NH
NH
NH
NH HN
This v/as an important result since the reaction between diamino­
pyrimidine -itself and the oxo-imine in ethoxyethanol at 136° 
produced'only a "minute" yield of three-unit c o m p o u n d t o  
obtain a good yield of three-unit material, it was necessary 
to carry out the reaction at 212° (boiling nitrobenzene). The 
new three-unit compound (XXXVIIb) v/as established by elemental 
analysis, and by its light absorption and mass spectrum. Its 
production in good yield at the lower temperature indicates an 
increase in reactivity of the 2-amino group, resulting from an 
increase in the electron density of the pyrimidine ring. On 
the other hand, this increased reactivity did not appear to be
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sufficient to allow the macrocycle-forming reaction to go to 
completion, as the reaction in boiling 2-methoxyethanol between 
the imicnne and compound (XLV) gave a product which was largely 
the hydrolysed two-unit compound. (Hydrolysis v/as assumed to 
have taken place during work-up of the product, which consisted 
of throwing cue reaction mixture into water, collecting the 
solid formed and washing v/ith• benzene and ether respectively; 
there is no precedent for such a two-unit material arising by 
hydrolysis of a macrocyclic product as a result of such a work­
up procedure.)
CH3 \ ^ CH3
C H 3 \ ^ C H 3
NH +
(v) Reactions with 2.4-Diamino-6-hydrox.ypyrimidine (XLVI)
Heating ethanolic solutions of free guanidine and 
cyanoacetic ester v/ith sodium ethoxide gave 2,^-diamino-6- 
hydroxypyrimidine in 78% yield. A number of experiments 
were carried out with this material to establish whether the 
reactivity of the amine functions v/as increased, as would have
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been expected by reason of the presence of the 'activating1
hydroxy group
H N ^
2
iX ^ N H
2
XLVI
A serious disadvantage, however, was the low solubility of the 
compound in common organic solvents.
In one reaction, boiling 2-ethoxyethanol was the 
solvent and equimolar amounts of the diaminopyridimidine and 
1,3-di-iininoisoindoline were used. The pyrimidine proved to 
be only sparingly soluble in this solvent and phthalocyanine 
was the major product. However, after the phthalocyanine had 
been removed, the reaction mixture was concentrated and a solid 
product was obtained. A mass spectrum of this material showed 
that it consisted largely of unreacted starting materials, but 
also showed a collection of peaks in the region of — 380. This 
same band of peaks'.was '.also ’.observed " in ‘.the spectrum of the 
product of a reaction in which 2,A-diamino-6-hydroxypyrimidine 
and phthalonitrile were heated with sodium hydride at 160-180° 
in the absence of a solvent. Unfortunately, sufficient time 
was not available to investigate this material fully and 
preliminary attempts at purification were unsuccessful.
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However, the features in the mass spectrum could arise from a 
'five-membered1 macrocyclic molecule,, containing three pyrimidine 
and two isoindole moieties. This would have a molecular 
weight of 582 and the parent molecular ion would' be likely to 
break down into fragments of much lower molecular weight, so 
that few peaks, if any, would be expected in the mass spectrum 
between the parent peak and those corresponding to the starting 
materials. This latter feature was also noticed in the mass 
spectra crbtained. Further, the light-absorption spectra of 
both products were similar and showed no indications of extensive 
conjugation; this would be in accordance with the fact that such 
a macrocycle, if it were to exist, would probably be appreciably 
buckled.
Another experiment entailed dissolution of the 
pyrimidine (XLVI) and the imidine in dimethylsulphoxide at iroom 
temperatures: after standing for twenty-two days, the solution
was reduced in volume and the pyrimidine (71.5%) was recovered.
No evidence for the formation of any condensation product or 
intermediate v/as seen.
Finally, an attempt v/as made to prepare a "mixed” 
macrocycle by reacting compound (XLVI) with 2,6-di(l-imino-3- 
isoindolinylideneamino)pyridine, i.e. (XLVII)., in the presence 
of potassium t-butoxide in 2-ethoxyethanol (t-butanol was found 
to be insufficiently high boiling for the reaction). Again, 
the pyrimidine was recovered after eighteen hours and the rest
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of the produ^* consisted of a mixture of the starting material 
(XLVII) and some pyridine macrocycie,which would appear to 
have arisen following disproportionat-ion of the three-unit 
material. Similar failures have arisen in the past from other
pQ
attempts to prepare a mixed macrocycle.
HN
NH HN
OH
HN NH
(v±) Further Attempts
A.number of other approaches to the problem of . 
synthesizing a pyrimidine macrocycle were examined briefly. 
These made use of materials which became available during the 
v/ork described above. Thus, reactions involving 2,Zf-dichloro- 
pyrimidine and 2-thiouracil, respectively, were investigated. 
The dichloro compound was heated with 1,3-di-iminoisoindoline 
under reaction conditions where'the hydrogen chloride, which 
would be produced, was immediately removed: (i) in acetone
which contained anhydrous potassium carbonate, and (ii) in 
pyridine.. under the former conditions, though the reaction
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mixture after sixteen hours largely consisted of unreacted
starting materials, some evidence was obtained that reaction
had taken place to a small extent. Raising, the reaction
temperature to that of boiling pyridine gave no advantage -
in fact, no evidence of extension of the conjugated chain was
found at all in this case. It was thought that reaction of
di-iminoisoindoline v/ith dichloropyrimicline might be favoured
if the dichloro- compound v/ere to be reacted in the form of
its N-oxide; certainly the pyridine N-oxide derivatives are
more reactive towards both electrophilic and nucleophilic
substitution. The relative instability of the pyrimidine
nucleus under oxidizing conditions has often proved an
obstacle to N-oxide formation in the pyrimidine series, even
though recently a number of N-oxides of isocytosine and uracil
have been prepared by the use of 3~chloroperoxybenzoic acid
66as an oxidizing agent. However, in the case of 2,4- 
dichloropyrimidine, it was not found possible to prepare 
either a mono- or a di-N-oxide derivative using this oxidizing 
agent and the approach was abandoned.
Similarly, attempted condensations between 6-iso- 
propyl-2-thiouracil and the imidine in the presence of mercuric 
oxide (to remove any hydrogen sulphide formed) did not lead to 
any isolable product. However, thin layer chromatography did 
indicate a minute amount of material other than the starting 
materials in the mixture after twenty hours; a mass spectrum 
confirmed the presence of a small amount of three-unit
material but the amount indicated precluded its ready isolation.
CHAPTER VI
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Notes on the Experimental Procedures
(±) All condensation reactions carried out between 
amines and di.-iminoisoindolines were stirred magnetically and 
protected from water vapour by soda-lime drying tubes.
(ii) Where nitrogen was used, it was dried by passing 
it through, consecutively, calcium chloride, cone. sulphuric 
acid, and a mixture of sodium hydroxide and soda-lime.
(iii) All alcoholic solvents were dried, by boiling 
over calcium 'oxide for two hours and then distilling from fresh 
calcium oxide.
(iv) Thin Layer Chromatography was carried out on glass 
plates (20cm. x 5cm.), carrying a layer (0.1mm.) of silica gel 
(Merck G). The chromatograms were developed v/ith benzene-ethyl 
acetate ( 2 : 1 )  and the developed plates were sprayed with 
potassium permanganate (0.35g«) in water - 2N sulphuric acid 
(3 : 1) (100ml.), unless otherwise indicated.
(v) Microanalyses were carried out by 
Dr. Alfred Bernhardt,
Mikroanalytisches Laboratorium,
52pl Elbach uber Engelskirchen,
Fritz-Pregl-Strasze 1A-16,
West Germany.
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or by Organic Micro-Analytical Laboratory,
Department of Chemistry,
. Imperial College,
London.
or by Micro-Analytical Service, ' .
Department of Chemistry,
University of Surrey.
"('Vi) Infra-red Spectra were recorded on a Unicam
SP 200 spectrophotometer. Letters, included after frequency
values have the following significance: s = strong;
m = medium; w = weak.
Ultraviolet Spectra were recorded on a Unicam
SP 800 spectrophotometer. Points of inflection are indicated
by an asterisk (*).following the wavelength at which they appear.
Molar extinction coefficient values (e) were calculated by means
of the formula
M x A e =■ v" ‘ 11 x c
where M = molecular weight
A = absorbance
1 = cell length (cm.)
c = concentration of absorbing solution
(g./litre)
Proton Magnetic Resonance Spectra were recorded 
on a Perkin Elmer R 10 n.m.r. machine operating at 60 MHz and at 
3Zj° unless otherwise indicated. Peak compositions are indicated
by the following letters in parentheses after each 'tvalue: 
s = singlet; d = doublet; t = triplet; q = quartet; 
spt. = s^ptuplet; m = multiplet.
Mass Spectra were obtained using an AEI •
MS 12 mass spectrometer.
(vii) All melting points (m.p.) and boiling points 
are uncorrected. ,
Chapter VI is divided into two sections:
Part I deals with the experimental procedures for Chapters II, 
III, and IV, whilst Part 2. contains the experimental procedures 
for Chapter V.
125
EXPERIMENTAL 
Part I
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The Metal-Frc^ Pyridine Macrocycle (III) from Phthalonitrile
(a) Phthalonitrile (250mg.) end 2,6-diaminopyridine 
(210mg.) were heated in boiling n-butanol. After ten hours, 
no evolution of ammonia had taken place/'and the starting 
materials were recovered unchanged.
(b) Phthalonitrile (500mg.) and 2,6-diaminopyridine 
(420mg.) were heated in boiling n-butanol (50ml.), containing 
sodium n-butoxide (37.5mg»; 9mg. sodium); for eighteen hours, 
during which ammonia was evolved. The yellow solid. (l80mg.) 
obtained after cooling, was recrystallized from boiling 
nitrobenzene, giving the macrocycle (85mg*; 10%), as red needles, 
m.p. 336-340, A  (morpholine), 302, 352nm., S> (nujol),
iilc* A  • u i d , A  • -
345(N-H), 166(C=N), 157.3(C=C)mm“1 . Lit. m.p. 344°.20
(c) Equimolar amounts of phthalonitrile (500mg.),
2, 6-di ami no-pyridine (420mg. ) and sodium n-butoxide (376mg.; ex 
90mg. sodium) were heated in boiling n-butanol (50ml.) for twenty 
hours, during which ammonia was evolved. The mixture was 
reduced to small bulk (15ml.) and then poured into a large 
excess of water (300ml.). The solid obtained (570mg.) was 
extracted with methanol. The dark-blue crystalline residue 
was disodium phthalocyanire A- (oc - chloronaphthalene),
ClclX«
663, 699nm.
t-Butyl Chloride
t-Butanol (370s.)'and core, hydrochloric acid 
(1235ml.) were placed in a separatory funnel and shaken 
vigourously for thirty minutes. The layers were allowed to 
separate. After the organic layer had been washed with 3% 
sodium bicarbonate solution (3 x 30ml. portions), and then 
with water (3 x 30ml. portions) until the washings were neutral 
to litmus, it was dried overnight over anhydrous calcium 
chloride. Distillation gave t-bu'tyl chloride (363g. ; 79%), 
b.p. 50-52°, n22 1.3896. Lit. b.p. 49-5° - 52°.67
4-t-Butyl-l,2-dimeth.ylbenzene
1,2-Dimethylbenzene (redist.; 139g.) and t-butyl 
chloride (92.3g») were stirred at room temperature in a flask 
equipped with a mercury-sealed stirrer and a reflux condenser. 
Anhydrous ferric chloride was added in small portions until 
reaction started (3-5g.). After the evolution of hydrogen 
chloride had subsided, more t-butyl chloride (30g.) was added 
and the mixture stirred for one hour and then heated on a steam- 
bath for a further fifty' minutes. The reaction mixture was 
treated with decolourizing charcoal and then distilled, giving 
4-t-butyl-1,2-dimethylbenzene (l82g. , 73%), b.p. 209 - 211°,: 
n21 1.4982, -0 296 broad S (C-H), 161.5w, 157w, 150.5m.
U ulclX # --* •
(aromatic C=C), 887m. 817s, 716s mm’"'1*. Lit. b.p. 211 - 212°:
128
4-t-Butylphthnlic Anhydride
4-t-Butyl-l,2-dimethylbenzen2 (8lg.) was dissolved
in pyridine (500ml..) and water (II.) and the solution heated
to boiling. Potassium permanganate O60g.) was added to the
well-stirrect solution during ninety minutes; no further heating
v/as required to maintain boiling during this time. Heating
under reflux was continued for a further one hour and then
ethanol (400ml.) was added to destroy the excess of permanganate.
The mixture was filtered and the residue washed well with hot
water. The filtrate and washings were combined and concentrated
to 300ml. Careful acidification of the concentrate to pH 3 with
hydrochloric acid caused precipitation of the potassium salt.
This was collected and stirred overnight with conc. hydrochloric
acid, giving a white solid, which was now a mixture of crude
4-t-butylphthalic acid and potassium chloride. The mixture
(118g.) v/as added slowly to acetic anhydride (250ml.) and the
solution then heated under reflux for thirty minutes. It was
filtered free from inorganic salt and distilled at atmospheric
pressure, giving a pale yellow oil, b.p. 300-310°, which solidified
on cooling and scratching. Recrystallization from light
petroleum (b.p. 60-80°) gave colourless plates (42g.; 41%) of
4-t-butylphthalic anhydride, m.p. 77°, "\)___ (nu.iol) 183.5ia-imax.
17if.9s (C=0), 158m(C=C), 125.s(C-0-C). Lit. m.p. 77°, b.p. 
310-312°.68
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4-t-Butylphthalimide
4-t-Butylphthallc anhydride (40g.) and aqueous 
ammonia (s.g. 0.88; 200ml.) were heated together. After excess 
ammonia ara water had been boiled off, the temperature was 
slowly raised to 320°, A clear liquid was obtained, which 
solidified on cooling. Recrystallization v/as from absolute 
ethanol, giving, 4-t-butylphbhalimide (32.3g. ; 81%) m.p. 134°,
\) (nujol) 342m., 320s(N-H), l?3s broad (C=0) l60.3(C=C)mrar\
III 9.X#
(96% ethanol) 230, 238, 293nm. Lit. m.p. 133-134° . 8max #
4-t-Butylphthalamide
4-t-Butylphthalimide (lOg.) was stirred overnight 
in a stoppered flask'with aqueous ammonia.(s.g. 0.88; 30ffll«)«
The mixture v/as filtered and the white solid recrystallized 
from water v/ith a little ethanol, giving 4-t-but.ylphthalamide 
(9.Us.; 87%), m.p. 167-168°, S> mav (nujol), 328.5s(N-H) 166.7
ulctX •
broad s(C=0), 139(C=C)mm*"^.. Lit. m.p. 174°*^
4-t-Butylphthalonitrile
A reaction flask (II. capacity) was equipped with 
tv/o wide-bore delivery tubes and an air condenser, from which 
excess gases could be let off. The flask was charged with
4-t-butylphthalamide ( 20g.) and pyridine (130ml.) and the 
mixture was kept at 80°, while a rapid stream of phosgene was
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bubbled through the mixture. After a short while, the reaction
became darK and constant agitation had to be employed to
dislodge solid material and prevent clogging of the inlet and
outlet tubes, Phosgene was passed through the solution for
ninety minutes. After cooling, small pieces of ice were added
to the reaction mixture and the apparatus washed with ice-cold
water until gas evolution ceased. Careful acidification to
congo paper v/as then carried out with hydrochloric acid and’ the
solution continuously extracted with ether for twenty-four.;hours.
Evaporation of the ether gave a brown oil, which solidified on
cooling and scratching. Recrystallization from the minimum
quantity of methanol (charcoal), gave 4-t-but.ylphthalonitrile
(13-46.; 80%) as colourless needles, m.p. 38-39 °, A. (96%max •
ethanol) 243, 283, 293nm., v (nujol) 223m(C=N), 139m(C=C).max •
Lit. m.p. 39°.^
Reaction of 4-t-Butylphthalonitrile with 2.6-Diaminop.yridine
(a) 4-t-Butylphthalonitrile(302mg.) and 2,6-diamino-
pyridine (163^6.) were heated in boiling n-butanol (10ml.), 
containing sodium n-butoxide (i4.6mg.j_ex 3.3^6. sodium).
Heating was continued for eighteen hours, during which ammonia 
was evolved. The reaction mixture was then thrown into a 
large excess of water (200ml.) and the precipitate (423mg.) 
which formed after vigorous stirring was collected. 
Recrystallization was attempted from a number of solvents without 
success. A portion of the solid was dissolved in benzene and
the solution passed down an alumina column (basic; Brockmann 
Activity I), using benzene and benzene containing an increasing 
proportion of chloroform, and finally chloroform as eluent... 
Three broad fractions were collected:
(i) disodium tetra-t-butylphthalocyanine f A  .. (cyclohexane). —— ——— —  ^ ^ max.
66lnm., b98nrii.; R^ 0.93.
(ii) a yellow band which thin layer chromatography showed to
j . ,
be a complex mixture (R^ of. all spots <  0.4)
(iii) a mixture of starting materials - 4-t-but.ylphthalonitrile 
(R^ . 0.00) and 2.6-diaminop.yridine (R^ 0.073) (authentic samples, 
R^ 0.00, 0.07 respectively).
(b) 4-t-Butylphthalonitrile (846mg.) 2,6-diaminopyridine
(300mg.) were heated together in boiling n-butanol (20ml.), 
containing sodium n-butoxide (4.2mg.; ex lmg. sodium), for 
eight hours, during which the evolution of a small amount of 
ammonia was detected. The solvent was removed under reduced 
pressure and the resulting solid recrystallized carefully from 
methanol (charcoal), giving recovered 4-t-but.ylphthalonitrile. 
(706mg.; 83.3% recovery), m.p. 33-36°, mixed m.p. 37-38°.
(c) 4-t-Butylphthalonitrile (370mg.) and 2,6-diamino- 
pyridine were heated in boiling cc - chloronaphthalene (3ml.) 
for twenty hours. No precipitate was formed after prolonged 
refrigeration, but trituration with light petroleum (b.p. SO­
SO0) gave a dark amorphous powder. A u.v. spectrum in 
morpholine showed no absorption at wavelengths longer than 300nm.
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Metal-Free Pyridine Macrocycle (III)
1,3-Li-iminoisoindoline (3*0g.) and 2,6-diamino- 
pyridine (2.3g«) were heated together in boiling n-butanol 
(30ml.) for ten hours, during which ammonia v/as evolved, 
briskly at first, and an orange solid was deposited. After 
cooling, this solid v/as collected and recrystallized from 
boiling nitrobenzene, giving the■orange-red macrocycle (l.lg.; 
31%), m.p?338-340°. A second crop (0.4g.> 8%) v/as obtained 
from the nitrobenzene mother liquors; this was yellow in 
colour and was the monohydrate. Heating this latter material 
at l60°/0.1mm. gave a red powder, m.p. and mixed m.p. 337°,
^raax.(morph°line) 303, 354nm.
3-t-But.yl-l, 3-di-iminoisoindoline
4-t-Butylphthalonitrile (3.Og. ) v/as dissolved in 
methanol (23ml.) and the solution cooled to -10°. Liquid 
ammonia (8ml.) was added cautiously and the mixture heated.in 
a sealed tube at 116° for five hours. After cooling, the tube 
was carefully opened and the excess ammonia allowed to evaporate.
3-t-Butyl-l,3-di-iminoisoindoline (3*9g.) was collected. A 
second crop (0.2g.) v/as obtained on reducing the filtrate to 
half bulk. Recrystallization from methanol gave the 
substituted imidine (73%), m.p. 203-210° (decomp, from 160°),
(96% EtOH) 229,238,293,306nm.iud.A. «
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Reaction of 3-t-Butyl-1,3-di-iminoisoindoline with 2,6-Diamino- 
pyridine
/ ' ‘
; -
(a) 3-t“Butyl-l,3-di-iminoisoindo.7ine (500mg.) and 2,6-
diaminopyridine (273^g.) were heated in boiling n-butanol (jOffll.), 
for thirty-six hours, during which evolution of ammonia was 
detected. The solvent was removed under reduced pressure and 
the solid reprecipitated from benzene/light petroleum (b.p. 60- 
80°). Thin layer chromatography showed, together with tetra-t- 
,butylphthaloc.yanine (R^ 0.88), a complex mixture of at least six 
components, none with an R^ >  0.4.
(b) Reaction (a) was repeated in n-pentanol (30ml.) for 
twenty hours. Thin layer chromatography on the solid obtained 
after removal of the solvent again showed a complex mixture.
(c) 3-t-Butyl-l,3-di-iminoisoindoline (402mg.) v/as slowly 
added under-nitrogen to molten 2,6-diaminopyridine (2l8mg.) at 
130°. The temperature was raised over two hours to 230° and 
maintained at this temperature for four hours. Thin layer 
chromatography on the solid obtained after cooling indicated 
the same products as in (i) and (ii) but also a very faint spot 
(R^ 0.74). Unsuccessful attempts were made to isolate this 
material from a thick-layer plate (23cm. x 10cm.; 2mm. thick).
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4-IsopropyIr>yridine
A one litre three-necked flask v/as . fitted with a
I •
dry-ice condenser and a teflon-sealed stirrer. Liquid ammonia 
(500ml.) was transferred to the flask, which was then insulated 
by means of a large sand bath. A small amount of sodium metal 
(1.5g. ) v/as added in small portions to the liquid ammonia and 
the development of an intense blue colour was noted. A current 
of air was then drawn through the solution and, in about ten 
minutes, the blue colour was replaced by a dark grey. Further 
portions of sodium (21.5g. in all) were added during thirty 
minutes with constant stirring. To the dark grey stirred 
suspension of sodamide obtained was added 4-raethylpyridine 
(redist.; 46»5g*). A second dry-ice condenser was then fitted 
to the third neck of the flask and through this methyl chloride 
(lOlg.) was added from a small weighed cylinder. An intense 
orange colour was developed almost immediately. The rate of 
addition v/as slow enough just to prevent boiling up into the 
condensers (addition time ninety minutes). Stirring was 
continued until the intense colour was discharged (fifty minutes). 
The dry-ice condensers were then removed and the liquid ammonia 
allowed to evaporate overnight, leaving a dark semi-liquid mass, 
which v/as filtered and washed with ether (2 x 25ml. portions).
The solid was dissolved in water (150ml.) and the solution 
extracted with ether (3 x 50ral. portions). The extract and 
washings were combined and the ether removed by distillation at 
atmospheric pressure. The residue after distillation v/as
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combined with the liquid reaction product and dried over 
potassium hydroxide pellets.- Fractional distillation, using 
a 12cm. vigreaux column (i.d. 12mm.) gave Zf-isoprop.ylpyridine 
(12.3g.; 20%) b.p. 181-183°; n p7 1.4928; 299.8 si,
broad(C-H), 193w, l6l.5s(C=N), 156.3m (aromatic C=C)mm. , 
(CDC1,) 1.50 (2H,d, J=6.0Hz, oc-pyridine Hs), 2.91(2H,d,J= 
6.0Hz, A -pyridine Hs),'-7.29(1H, spt.,J=C.9Hz,--CH. Me2),'8.79 
(6H,d,J=6.9Hz,Re2 ). lit', b.p. 181.-5°, n p° 1.4962.^
4-Isopropyl-2.6-diaminopyridine
A round-bottomed two-necked flask v/as fitted with 
a reflux condenser and a dropping funnel. The apparatus was 
flushed with dry nitrogen for ten minutes, and the flask 
charged with a suspension of sodamide (7.5g.) in N,N-dimethyl- 
amiline (redist.; dried over potassium hydroxide; 20ml.). The 
apparatus was again flushed v/ith nitrogen while 4-isopropyl- 
pyridine was added slowly from the dropping funnel. The 
dropping funnel. v/as replaced by a thermometer v/hich dipped into 
the reaction mixture. The v/hole apparatus was kept under 
nitrogen, v/hile the reaction was slowly raised in an oil bath 
to a temperature of 170°. Evolution of hydrogen proceeded 
smoothly from about 10^°. The reaction temperature v/as 
maintained at 170° until evolution of hydrogen had ceased 
(eighteen hours). After cooling to room temperature, any 
excess sodamide was destroyed by the careful addition of 3% 
sodium hydroxide solution (20ml.), followed by v/ater (l^ml.).
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The suspension was then continuously extracted with ether for 
twenty-four hours. Removal of the ether-gave a dark oil, which 
was triturated with benzene. Recrystallization of the solid 
from benzene (charcoal) gave 4-isopropyl-2.6-diaminop.yridine 
(4.23g. > '36%), as colourless plates, m.p. 148-149° (Found:
C, 63.3; H, 8.3; N, 28.1. requires C, 63-3; H, 8.7;
N, 27.8%), (96% Eton) 247, 307™. (.e, 4,800, 4,550iudA •
respectively), ^  (CDCl^) 4.26(2H, s, K^, H^), 3.83C4-H, broad s, 
4NH), 7.30-(lH, m, J = 6.9Hz, CH Me ), 8.83(6H, d, J = 6.9Hz, Mep).
Reaction of 1.3-Di-iminoisoindoline with 4-Isopropyl-2,6- 
diaminopyridine
1,3-Hi-iminoisoindoline (98mg.) and 4-isopropyl-2,6-
diaminopyridine (103mg.) were heated together in boiling
n-butanol (1.3^1.) for ten hours, during which ammonia was
evolved. The reaction mixture was filtered hot to remove the
trace amount of phthalocyanine formed and’the filtrate
refrigerated overnight, when a small amount of non-crystalline
solid had separated. The u.v. spectrum of this material in
96% ethanol showed absorptions at A 233» 296, 343nm.max.
Removal of the solvent from the residue gave a dark oil, from
which 1,3-di-iminoisoindoline (l8mg.; m.p. 170-1800 ; mixed m.p.
178-183°; yt (96% EtOH) 228, 238, 296, 306nm.) was isolated, max.
Thin layer chromatography on the residue here showed it to be 
a complex mixture of polar materials.
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A op.peat of this experiment on a larger scale (three 
times) failed to give any isolable single products.
Attempted Condensation of Substituted 1midine with 2 mols.
2.6-Diaminopyridine
The imidine (800mg._) was heated under reflux in
n-butanol (10ml.) with 2,6-diaminopyridine (880mg.) for ten
hours. Prolonged refrigeration afforded no precipitate.
The crude reaction mixture had A' (96% EtOH) 2/fO? 298fmax.
350nm. and the residue, after removal of the solvent under
reduced pressure, had S> (nujol mull) 3k0} 32-k, l63.9rcm.max.
Portions of the residue were passed separately down alumina, 
silica and anhydrous sodium sulphate columns, by gradient 
elution with benzene/chloroform, but no pure compounds were 
isolated. Repeated attempts at recrystallization of the 
residue from solvents such as methanol, carbon tetrachloride, 
dioxan among others, proved fruitless.
Attempted Synthesis of Adduct from 2 mol. Substituted Imidine 
and 1 mol. 2.6-Diaminop.yridine
A hot solution of 3-t-butyl-l,3-di-iminoisoindoline 
(800mg.) in ethanol (20ml..) was filtered into a solution of
2.6-diaminopyridine (2l8mg.) in ethanol (2ml.) and the mixture 
kept sealed at room temperature. After fourteen days, the 
precipitate of recovered imidine v/as removed, (170mg.,21%
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recovery), m.p. 220-225° (decoinp.), A. (96% EtOH) 228, 259,
' 013.X •
307nm. Tzi'j filtrate v/as kept sealed at room temperature for
a further sixty days; no more solid precipitated. The
addition of rater (100ml.) caused a flocculent precipitate
(350mg.) to settle out and this was collected, A  . (96%max.
EtOH) 233, 2V4, 379nm. Attempts to isolate pure compounds
from this solid by means of thick layer chromatography were
unsuccessful, however, as decomposition was seen to occur,
the chromatogram shov/ing a complex mixture, with extensive
streaming. The addition of ether to the aqueous solution
gave a further quantity of solid (112mg.), A  (96% EtOH)max.
2Ztf, 311nm.,f A  -(96% EtOH) 2,6-diaminopyridine - 2V7,
L iUctX»
312nm.].
Reaction of 3-t-Butyl-l^3-di-iminoisoindoline with Aniline
Aniline (redist.; .7^8mg.) v/as added to a boiling
solution of the substituted imidine (80Zfmg.) in absolute ethanol
(20ml.). Boiling v/as continued for five hours, during which
the solution became green and ammonia was evolved. Thin
layer chromatography on the cooled reaction mixture showed
three spots (R^ 0.90, 0.7k, 0.08 respectively). The solvent
was removed under reduced pressure and the yellow-green gum
taken up in benzene and placed on an alumina column. Elution
with benzene gave tetra-t-butylphthalocyanine, R„ 0.90j vx niciX#
(chloroform), 661, 698nm. With benzene/ethyl acetate (2 : 1) 
as eluent, 5-t-but.yl-l,3-diphen.yliminoisoindoline. (Zf6lfmg.; 33%) >
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0.74(u.v. active), m.p. Zf3-47°, was collected. This 
material was rechromatographed three times and final 
recrystallization v/as from cyclohexane, giving (XVIIa) as an 
amorphous yellow powder, m.p. 134-133°, (Found: C, 81.7;
H, 6.7; N, 12.1%. ~ (M+) 333 • K requires C, 81.33;
H, 6.6; N, 11.9%), A mnv (96% EtOH) 133, 232, 310nm.uldix •
(e 27,300, 15,200, 7,100 respectively), 'fc (CDC1,) 8.59 (9H, s, 
He,), 1.9 - 3.^5 (approx. 14H, complex p, aromatic Hs + HH).
Reaction of 3-t-But.yl-l,3-di-iminoisoindoline with 2-Amino 
pyridine
(i) The substituted imidine (X) (302mg.) and 2- 
aminopyridine (282mg.) were heated in boiling ethanol (13ml.) 
for 1.3 hours during which no evolution of ammonia was detected 
and no colour change was observed. The starting imidine was 
recovered as 4-t-butylphthalimide,„by pouring the reaction
mixture into an excess of 0.2N hydrochloric acid (200ml.).
\
After five minutes, the white solid v/as collected. Recrystall­
ization from ethanol gave 4-t-butylphthalimide (306mg. ; 100%),
m.p. 134-133°, mixed m.p. 134°, , 324 (EH), 170.3 (C=0)mm."’1max.
(ii) The imidine (X) (603mg.) and 2-aminopyridine 
(603mg.) were heated together in boiling n-butanol (20ml.) for 
twenty-one hours, during which ammonia was evolved slowly. The 
solvent was removed under reduced pressure and the yellow solid 
taken up in benzene and transferred to an alumina column.
j
1/fO
Elution with benzene/ethyl acetate (19 : 1) gave a yellow solid,
which was cvystallized from methanol to give. 3-t-butyl-l.3-
di(2-pyrfdyllmino)isoindoline (XVIIb) (478mg.; 45%) as pale
yellow rhombs, m.p. 145-1460 (Found: C, 74-55; H, 6.1, N, 19-5-
C22 H21 requires C, 74-4; H, 5-9; N, 19*4%) Rf 0.87; X max# \
(96% EtOH) <56, 262*, 273j 282*, 293, 332, 346, 363, 382, 404nm.■
(e, 28,700, 20,000, 21,000,: 19,900, 18,950, 19,900, 2.0,750,
20,300, 21,000, 10,900 respectively), (nujol) 328m,max«
324w(N-H), 162.5 s(C=N), 138m and 133*8m(aromatic C=C)mm."’^
Reaction of 3-t-butyl-l,3~di-iminoisoindoline with p-Tolutdine
The substituted imidine (X) (201mg.) and p-toluidine (250mg.) 
were heated together in boiling n-butanol (5ml.) for 7-5 hours, 
during which ammonia was evolved. The solution was reduced to 
small bulk and the yellow oil triturated with methanol. The 
yellow solid (139mg.; 42%) was recrystallized from cyclohexane 
to give 5-t-but.yl-l, 3-di (•p-toluvliminob' .solndollne (XVIIc) as 
microfine yellow needles, m.p. 158-159° (Found: C 81.8; H, 7*2;
N, 10.9. C26 H27'H^ requires C, 81.9; H, 7.15;/ N, 11.03%),
■R* O.9I, A mav (96% EtOH) 235, 266, 312, 336nm.(e 36,600,x in 9.x #
18,600, 11,400, 12,200 respectively), ^ (nujol) 326w(N-H),
IH3.X •
167s(C=N)mm. , t  (CDC1,) 1.90 - 3-25(l^H, complex m, aromatic
Hs + HH), 7.69C6H, S, Me2 ), 8.59(9H, S, Me,).
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Nickel Complex of 5-t-Butyl-l«3-di(2-pyridylimino)isoindoline
A solution of nickel acetone (89mg.) in hot formamide 
(6ml.) v/as poured slowly into a solution of compound (XVIIb) 
(130mg.) in hot methanol (2ml.). The mixture turned crimson 
and, on slow cooling, a dark brown precipitate separated out.
This was filtered, washed with methanol and then with water and 
dried, in vacuo. The dark brown powder was reprecipitated from 
chloroform giving bis jj?-t-butyl-1.3-di (2-pyrid.ylimino )isoindoline 
nickel (XXVIII), m.p. 270-272° (Found: 0,68.7; H,5.4; N, 18.4.
c44 \ o  N10 Ni rec*u:Lres c> 68.85; H, 5.25; N, 18.25%), A max  ^
(96% EtOH) 251, 293, 309, 339, 427, 454nm. (e 74,300, 26,620,
27,700, 33,750, 41,300, 36,930 respectively) V maY (nujol)
l63m(C=N), 159.3m, 166.2s, 152m(C=C)mm.~1
Reaction of 5-t-Butyl-l,3-di-iminoisoindoline with o-Toluidine
The imidine (201mg.) and o-toluidine (250mg.) were 
heated together in boiling n-butanol (6ml.) for seventeen hours, 
during which ammonia was evolved slowly. The yellow oil 
obtained after removal of the solvent was dissolved in benzene 
and placed on a thick layer plate (25cm. x 10cm.; 2mm. thick). 
Elution was with benzene/ethyl acetate for two hours. The 
band with R^ 0.93 was extracted with chloroform, yielding
5-t-but.yl-l-3-di(o-tolu.ylimino)isoindoline (XVIId) (154mg.;
41%) m.p. 73-80°. Recrystallization from cyclohexane raised 
the m.p. to 112-114° (Found: C, 81.8; H, 7.3; N, 11.3.
Ik'd
C26 H2? U3 requires C, 81.9; H, 7.15; N, 11.05%), A max>(96% 
EtOH) 251,.262, 307*(e 27,000, 17,400, 7,100 respectively),
(nua'ol) 327w(HH), 166s(C=,N)itid ." , ■* (CDCl,) 1.9 - 3.5II] 9.X « j
(lZfH, complex m, aromatic Hs + NH), ?'.S(6H, t, Me^). 8.39(9H, 
d, Me^) . •.
Benzene Di-t-butyl Macrocycle (XXIIa)
3-t-Butyl-l,3-di-iminoisoindoline (303mg.) and 1,3-
diaminobenzene (293*flg.) were heated together in boiling n-
.butanol (20ml.) for eight hours, during which ammonia v/as
evolved, briskly at first. Thin layer chromatography on the
dark yellow solution showed a single yellow spot, Rf 0.70,
together with some polar material, R^ <  0.1. Reduction of
the volume of solution to small bulk and prolonged refrigeration
failed to cause any precipitation. The remaining solvent was
evaporated and the yellow solid taken up in benzene and
chromatographed on an alumina column. Elution with benzene/
ethyl acetate (19 : 1) gave the non-crystalline yellow
macrocycle (XXIIa) (438mg.; 66.3/), which was sublimed at 193°/ 
-54 x 10 mm. , and then reprecipitated from the minimum quantity 
of cyclohexane as a fine aniorphous powder, m.p. 220-230°,
(Found: C, 77-9; H, 6.5; N, 15.0%. f(M+), 550. C g H
N„ requires C, 78.5; H, 6.2; K, 15.3%), A _  (96% EtOH) 236,o * max»
261, 314, 338*nm. (e 80,000, 43,400, 20,400, 16,600
respectively), *\> (nujol), 326m(NH), l66.2s(C=E), 160m and, max.
137.8m (aromatic C=C)mm.'fc* (CDCl^) I.90 - 3.24(16H, complex m,
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aromatic Hs + 2NH), ‘ 8.39(l8H, s , Me^). 
Toluene TU-t-butyl Macroc.ycle (XXIIb)
3-t-Butyl-l,3-di-iminoisoindoline (400mg.) and
2,4-diaminotoluene (230mg.) were heated together in boiling 
n-butanol (10ml.) for eighteen hours (ammonia evolved). The 
solvent was removed under reduced pressure and the residual oil 
taken up in benzene and placed on an alumina column. Elution 
with benzene/ethyl acetate (9 : 1) gave the yellow toluene 
macroc.ycle (XXIIb) (320mg.; 33%), which v/as reprecipitated 
from cyclohexane as a fine yellow powder, R^.0.68, m.p. 233- 
245°, (Found: C, 78.55; H, 6.9; N, lif.3%. ? (M+), 578.* V
C38 H38 N6 requires C-9 78.9; H, 6.6; N, 14.3%) ^ max# (96% EtOH)
234, 262, 313.3, 334nm.(e 87,900, 42,200, 16,000, 13,900
respectively), V  (HCBD) 331w(N-H), 318m and 299s(C-H),' max. *
166.3,s(C=N) , (CDCl^) 1.8 - 3.4(14H, complex m, aromatic Hs + 
2NH), 7.80(6H, s , Me2)> 8.39C18H, s, -Meg).
Nickel Complex of 2.6-P.yridine Di-t-butyl Macroc.ycle (XXVIa)
Crystalline nickel acetate (300mg.) was heated in 
n-butanol (3ml.) containing 2,2-dimethoxypropane (2ml.) for 
three hours, until the green colour was completely discharged.
2,6-Diaminopyridine (436mg.) was added to the reaction mixture 
and this was followed by the addition of 3-t-butyl-l,3-di- 
iminoisoindoline (304mg.). The reaction mixture rapidly
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darkened and ammonia was evolved. Heating under reflux v/as 
continued tor ten hours. A thin layer chromatogram of the 
reaction mixture showed nickel tetra-t-butylphthalocyanine ,
(R^ 0.9) 6.nd a dark-green spot (R^ 0.87). The solvent .was 
removed from the reaction mixture and the residue taken up in 
benzene and placed on an alumina column. Elution with benzene/ 
ethyl acetate (19 : 1) or benzene/chloroform (19 : 1) gave first 
nickel tetra*t-butylphthalocyanine (l60mg.; 54%) and then a dark 
green solid, which was the nickel complex of the pyridine 
di-t-butyl macroc.ycle (XXVIa) (8?mg. ; 6.4%). The nickel complex 
sublimed slowly at 270°/ 5 x lO^mm., and final purification 
v/as by reprecipitation from cyclohexane. The very fine 
precipitate was collected by centrifugation and dried at 100°/ 
0.1mm. for four hours, giving a dark green powder, m.p. 293 - 303°, 
(Found: (i) C, 69.7; H, 6.9; N, 13.7; (ii) C, 69.0; K, 3-9%.
171 4 *
I (M ), 608. C H 0 Hg Hi requires C, 69-3; H, 6.1; N,
16.2%), (CHC1 ) 286.5, 322, 404, 450nm. (e 23,500,
uicuc. • j
19,600, 21,000, 18,230 respectively), V  (nujol), l63s(C=N),max.
139.3w, 156.2m, (aromatic C=C), 't (CDCl^) 2.3 - 3-1 (8H, complex 
m, benzene Hs + X -  pyridine Hs), 3.39(4H, d, J = 8Hz, y8 - 
pyridine Hs) , 8.59(18H, s , Me^).
Nickel Complex of the Pi-isopropyl-2,6-p.yridine Macroc.ycle (XXVIc)
To a suspension of anhydrous nickel acetate [formed 
by heating crystalline nickel, acetate (250mg.) in n-butanol (2ml.) 
containing 2,2-dimethoxypropane (2ml.) for three hours] was added
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a suspension of 1,3-di-iminoisoindoline (290mg.) and Zj.-isopropyl-
2,6-diaminopyridine (302mg.) in n-butanol (3ml.) and the
mixture heated under reflux for-twenty hours, during which
ammonia was evolved. Removal of the solvent gave a dark oil
which was taken up in benzene and filtered free of nickel
phthalocyarine, f A  (esc- chloronaphthalene) 670nm. . The L max. J
filtrate was placed on an alumina column.and elution with 
benzene/ethyl acetate ( 9 : 1 )  gave a dark green oil. Triturat­
ion of the oil with light petroleum (b.p. /f0-60°) gave a dark 
solid (7h.3mg.; 13%)* Reprecipitation from cyclohexane gave 
the dark green nickel complex (XXVIc), m.p. 270-278°, (Found:
C, 65.0; H, 4.9; N, 17.1%. -  (M+) 580. C „  H26 Ng Ki
requires C, 66.1; H, 4.5; H, 19.3%), (CHC1,) 2?6, 319,
ZfOO, *23, k53 (e 33,200, 27,200, 22,230, 17,4-00, 21,800
respectively), -9 (nujol) l62.8s(C=N), 't (CDCl^) 2.2 - 2.7max. I?
(8H, complex ra, benzene Hs), 3.3Zj.(ZfH, s, - pyridine Hs),
7.3&(2H, spt., J = 6.8Hz, isopropyl Hs), 8.78(12H, d, J = 6.8Hz, 
isopropyl Me^).
Nickel Complex of Di-isoprop.yl-2,6-pyridine Pi-t-butyl Macroc.ycle 
(XXVIb)
To a suspension of anhydrous nickel acetate (175ms*»
ex 230mg. crystalline nickel acetate) and 2,2-dimethoxypropane
■ (1.3ml.) in n-butanol (3ml.) was added /{.-isopropyl-2,6-
diaminopyridine (302mg.) and then 3-'t-butyl-l,3-di-iminoisoindoline '
(ZfOOmg.)
in n-butanol.(lml.). The mixture was heated under reflux for
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eight hours. After this time the solvent v/as removed, and the 
residue in benzene chromatographed on an alumina column 
(Brockmann Activity III). Tetra-t-butylphthalocyanine (l68mg.) 
v/as recovered using benzene and elution with benzene/chloroform 
(39 i 1) £&ve the nickel tetra-alkyl macroc.ycle (XXVIb) (71mg.; 
10.3%), whioh v/as rechromatographed three times to remove traces 
of nickel tetra-t-butylphthalocyanine and then dried at 80°/ 
0.1mm. for six hours. Final purification v/as by extractive 
precipitation from methanol, giving a dark green non-crystalline 
solid, m.p. 230-238°, R. 0.88 (Found: C, 69.7; H, 6.9; N,
15.7%. f (M+) 6Q2. C 0 H 2 Ng Hi requires C, 69.3; H,
6.9; N, 16.15%) (C'HCl,) 278, 320.5, ^00, 422*, 45111111.IH^ X * J)
(e 33,000, 29,200, 21,600, 16,000, 17,300 respectively),
V  (nujol) l63.'3s(C=N) 'VCCDCl.J 2.3 - 2.7 (611, m, benzene max. j
Hs), 3-5(4H, s,^- pyridine Hs), 8.60 - 8.75(30H, m, Me1Q).
Attempted Preparation of Cobalt Derivative of 2.6-Pyridine 
Di-t-butyl Macroc.ycle
2,6-Diaminopyridine (2l8mg.) was added to a 
suspension of anhydrous cobalt chloride (129mg.; ex 237mg. 
crystalline cobaltous chloride) and anhydrous potassium 
carbonate (73^g.) in 2,2-dimethoxypropane (2.3^1.) and this v/as 
followed by the addition of 3-t-butyl-l,3-di-iminoisoindoline 
(402mg.). The mixture was heated under reflux for five hours.
A dark brown precipitate (320mg.) v/as collected. Thin layer 
chromatography on this material and on the soluble residue
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showed no macrocyclic material to be present in either.
Attempted ^reparation. of head Derivative of the 2.6-P.yridine 
Di-t-butyl Kacrocycle
Crystalline plumbous acetate (569mg.) v/as dehydrated 
by suspension in hot n-butanol (2.5ml.) containing 2,2-di~ 
methoxypropane (2.5mg.). A solution of 2,6-diaminopyridine 
(327mg.) and 5-t-butyl-l,3-di-iminoisoindoline (603mg.) in 
n-butanol (6.5ml*) was' combined with the suspension of the 
inorganic salt. The reaction mixture was heated under reflux 
and ammonia v/as evolved, vigorously at first. After three 
hours, a fine precipitate began to settle out from the deep 
yellow solution. After twelve hours, the reaction mixture 
was cooled and the white precipitate, which was inorganic, 
removed by filtration. The solvent was removed from the 
filtrate and the oil triturated first with a small quantity 
of light petroleum (b.p. 40-60°), giving recovered 2,6-diamino- 
pyridine (25mg.; 7*7%), and then with methanol, whereupon a 
yellow crystalline solid (l60mg. ) v/as obtained. This material 
was recrystallized from methanol, giving 5-t-but,yl-l-oxo-3(6- 
amino-2-pyridylimino)isoindoline (145mg.; 16.5%) as stout
yellow prisms, 0.67, m.p. 198-201° (decomp.), (Found:
c, 68.5; H, 6.5; N, 17.8%; f (M+), 294. c1? Hlg 0
requires C, 69.3; H, 6.2; N, 19.0%; 14, 29b) 5\.raax.(96%
I
EtOH) 225, 269, 389nm. (e 42,400, 14,500, 10,600 respectively),
(nujol) 347m, 339.5m, 333m(H-H), 171.5s(C=0), l63.9e(C=N),
111 3.X •
159.5m, 156m  aromatic C=C),^(CDCl^) -1.40, (1H, broad s, K-
bonded NH), I.96 - 2.70H, m, benzene Hs), 3*13(1H, d, J = 8Hz, 
V - pyridine H), 3.65(2H, d, J = 8.5Hz; ^  - pyridine Hs), 5.43 
(2H, broad s, NH2), 8.59C9H, s, Me^).
Demetallatioii of Nickel Pi-t-butyl Macroc.ycle (XXVIa)
The nickel complex (XXVIa) (50rag,j.) v/as dissolved in 
methanol (25ml.) and hydrogen sulphide (dried over phosphorus 
pentoxide) passed through the solution under reflux for ten 
hours. The nickel sulphide v/as washed with hot methanol and
dried (8.9mg.), (Found: Ni, 6.4. Ng Ni requires Ni,
8.65%). The filtrate was reduced to small bulk but no
precipitate was obtained. Thin layer chromatography showed 
only the presence of polar materials and a u.v. spectrum of 
the reaction mixture showed no absorption above 310nra.
lii-9
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The Sodio Derivative of Ethyl Form.ylacetate (XXXIII)
An ethereal solution of sodium ethoxide was prepared 
by adding ethanol (46g.) to a suspension of powdered sodium 
(23g.) in dry ether (200ml.) and heating under reflux with 
stirring for three hours. The mixture was then allowed to 
stand for six hours at room temperature and then cooled in an 
ice/salt bath to -10°. A mixture of ethyl formate (74g.) and 
ethyl acetate (88g.) was added dropwise .with stirring over 
0.45 hours, the temperature being maintained below 0°.
Stirring was continued for a further twenty hours and the 
mixture was then allowed to stand overnight. The solid product 
was filtered, v/ashed with dry ether (3 x 50ml. portions) and 
dried under vacuum to give crude sodium ethyl forrnylacetate 
(144g. I 104%), which was stored under vacuum.
2-Amino-4-hydrox.ypyrimidine
A solution of free guanidine (5*9g.) in ethanol was 
prepared by mixing solutions of guanidine hydrochloride (lOg.) 
in ethanol (10ml.) and sodium (2.3g.) in ethanol (30ml.) and 
removing the precipitated sodium chloride. To this solution 
was added crude sodium ethyl forrnylacetate (13.8g.) in absolute 
ethanol (50ml.) and the solution heated under reflux for twenty- 
four hours. After cooling, the reaction mixture was poured
into water (300ml.) and acidified to pH 5 with acetic acid.
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On refrigeration, a small amount of white solid (0.38g.) 
separated.' This was recrystallized from acetic acid giving
2~amino~4-h.ydroxypyrimidine (0.32g*; 2.9%), m.p. '278-285°
o P8(decomp.). Lit. m.p. 280 (decomp.).'
The use of guanidine carbonate or guanidine 
hydrochloride in place of free guanidine in the above 
preparation did not give any advantage: no 2-amino-4-hydroxy-
pyrimidine was obtained in these latter experiments.
Uracil
Fuming sulphuric acid (20% sulphur trioxide; 200ml.) 
was chilled to -5°. Urea (50g.) was added over 0.5 hours'with 
constant stirring, • the temperature being maintained below 10°. 
Malic acid (50g.) was added at once and the mixture was heated 
on a steam bath; large volumes of.carbon monoxide, carbon 
dioxide and sulphur dioxide v/ere produced. After two hours, 
the mixture was cooled to room temperature and the dark brown 
solution turned into a large excess of water (600ml.). On 
cooling crude uracil separated. Recrystallization from v/ater 
gave a colourless solid, (21g.; 50%), m.p. 327° (decomp.),
(96% EtOH) 260nm. Lit. m.p. 330° (decomp. ) . ^
DiclX «
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2.4~Dichloroovrimi dine
Uracil (25g.) was suspended in a mixture of phosphoryl 
chloride (redist.; 125ml.) and N,N-dimethylaniline (redist.; 
20ml.). The suspension was heated at 100° with stirring until 
reaction had started. When evolution of hydrogen chloride had 
subsided (about two hours), the dark brown solution was heated 
under reflux for two hours. The excess phosphoryl chloride was 
removed by distillation under reduced pressure and the dark 
syrupy residue poured onto crushed ice (approx. 700g.) with 
Vigorous stirring. The mixture was immediately extracted with 
ether (7 x 100ml.) and the extract washed with v/ater (3 x 50^1.). 
The ether layer was dried overnight over anhydrous magnesium 
sulphate. Removal of the ether gave a brown crystalline solid, 
which was sublimed twice (45-50°/ 9mm.) to give 2.4-dichloro- 
pyrimidine (18.4g. ; 55%), m.p. 59-60°, (96% EtOH) 257nm.,
•9 (nujol) 15k, 132.3, 82.0mm.'1 , Tr(CDCl,) l.if2(lH, d,max. j
J = 5.5Hz),. 2.60(1H, d, J = 5.5Hz). Lit. m.p. 6l°.‘69 
2,4- Pi ami n o p.yr i mi di n e
2,4-Pichloropyrimidine (13g.) and anhydrous copper 
sulphate (about 0.75g.) were heated under reflux in phenol 
(80g.) in a Woods Metal bath for four hours, while a brisk 
stream of ammonia was bubbled through the mixture. After a 
short time solid separated out. The mixture v/as cooled to 
room temperature and acidified to pH 3« ‘PHe phenol was
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removed by steam distillation and the dark aqueous residue 
was treatel with charcoal. Aramoniun nitrate (I8g.) was added 
and the mixture refrigerated. The nitrate was removed by 
filtration and slurried with a small quantity of 23% sodium 
hydroxide solution. After evaporation, the solid was purified 
by Soxhlet extraction with ethyl acetate giving 2.4-diamino- 
pyrimidine -(6.9ft. : 82.3%), m-.p. 144°, (96% EtOH) 231,
284nm., ’ \> „ (nujol) 339w, 322w(N-H), 163.7m, 163m,lUciX «
139* 6s'(C=N). Lit. m.p. 144-146°.70
Reactions of 2.4-Liaminopyrimidine with 1.3-Di-iminoisoindoline
(i) 1,3-Di-iminoisoindoline (0.60g.) and 2,4- 
diaminopyrirnidine (0.47g.) were heated in boiling n-butanol 
(3ml.) for sixteen hours, during which ammonia was evolved 
slowly. The reaction mixture was cooled and the solid product 
filtered and washed with ethanol. The solid product was 
reprecipitated from hot benzyl alcohol to give a green solid, 
m.p.>360°. Attempted reprecipitation from a variety of high- 
boiling solvents did not effect purification. A mass spectrum 
of the green solid showed peaks at ~ 331 and 239. On prolonged 
standing, the initial filtrate afforded crystals of 2.4-di- 
(l-oxo-5-isoindolinylidineamino)pyrimidine (XXXVIla), m.p. and 
mixed m.p. 284-287°. Lit. m.p. 288-289°.^
(ii) A:mixture of 1,3-di-iminoisoindoline (0.36g.) 
and 2,4-diairdnopyrimidine (0.35g.) was heated in boiling ethanol.
13h
After three hours, ho reaction v/as seen to have taken place.
The solvent v/as removed and the solid mixture heated in boiling 
t-butano.1 for three hours. Again, no reaction took place.
(iii) A solution 1,3-di-iminoisoindoline (0.723g.)
in sec-butanul (23ml.) was added dropwise over 0.73 hours to a
solution of 2,4-diaminopyrimidine (1.10g.) in boiling sec-
butanol (20ml.) and the mixture heated under reflux for a total
of fifty-six hours. Phthalocyanine (42mg.) was removed from
the reaction mixture by periodic filtration during this time.
On cooling, 2,4-diaminopyrimidine m.p. 140-113°, (360mg.; 33%)
was recovered. The solvent was removed from the filtrate
under reduced pressure and the gum obtained taken up in methanol.
On prolonged standing and cooling, a small amount (1.7mg.) of
1,3 - di (2- ami n o -4 - pyr i mi d.y li mi no) i s oi nd oli n e (XXXIVa), m.p.
212-213°, A v (HCONMe,) 367nm., M+331, was obtained, max. cl.
Reaction of 2,4-Diaminopyrimidine with • 5-t-But.yl-l, 3-di- 
iminoisoindoline
A solution of 2,^-diaminopyrimidine (0.33og.) and 
3-t-butyl-l,3-di-iminoisoindoline (0.603g.) in n-butanol (10ml.) 
was heated under reflux for twenty hours, during which ammonia 
was evolved slowly. The solvent was removed from the green 
solution and the solid taken up in ethanol (10ml.). Addition 
of ether caused precipitation of a flocculent yellow precipitate 
(0.35g.), m.p. 223° (decomp.). Thin layer chromatography
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indicat.ed a mixture'of two materials, R^O.36 and 0.81 
respectively. A portion of the solid was separated by 
extractive precipitation from ethyl acetate into two components, 
giving 5-t-b'ityl-l,3-di(2-amino-4-pyrimidylimino)isoindoline 
(XXXIVb), m.p. 220-227°, Rf0.34, M+387, and a very small amount 
of the pyrimi dine di-t-butyl macrocycle, m.p. 230-240° (decomp.), 
R^O.80, M 334. It was not found possible to obtain either of 
these materials pure, however, using a variety of purification 
techniques.
. /
Reaction of 3 -1 - Bu t y 1 -1.3 - di (2 - ami n o - 4 - P.y Pi mi d.y I i mi n o) i s o - 
indoline (XXXIVb) and a further quantity of 3-t-butyl-l,3-di- 
iminoisoindoline
The three-unit pyrimidine compound (XXXIVb) (30mg.)
from the previous experiment and 3-t-butyl-l,3-di-iminoiso-:r
indoline (20mg.) were heated together in boiling nitrobenzene
(2.3ml.) for six hours during which ammonia was given off.
The solvent was removed by vacuum distillation and the oily
residue taken up in n-pentanol (3ml.) and heated under reflux
for a further five hours to convert any unreacted imidine to
the phthalocyahine. The solvent was again removed and the
residue separated by chromatographic elution on alumina with
benzene/ethyl acetate. Tetra-t-butylphthalocyanine (1^.9mg.;
81%) X  ( oc -chloronaphthalene) 661, 698nrn. , was collected max.
and then compound (XXXIVb) (19.3mg.; 63% recovery), m.p.
213-218°, mixed m.p. 217-219°.
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Attempted Reaction between 2-Aminop.yrinxdine and 1,5-Di- 
iminoisoindoline
"(i) The .pyrimidine (0.95g. ) was suspended in
boiling n-butanol (30ml.) and the imidine (0.73g«) added
slowly over one hour. The mixture was heated for eighteen
hours during which a dark blue colour developed and ammonia
was evolved. After cooling, the dark precipitate was
collected.” Hot solvent extraction of this solid with n-
butanol gave 2-aminopyrimidine (0.89g.; 95% recovery) m.p.
120-12A°, mixed m.p. 123°. The residue (O.A8g.) in the
thiir/ble v/as largely phthalocyanine, j\  (©c-chloronaph-max.
thalene) 661, 698nm.
(ii) A similar experiment carried out in boiling 
nitrobenzene did not result in the isolation of any desired 
condensation product. Work-up here consisted of removal of 
the solvent by distillation followed by hot solvent extraction 
as before. 2-Aminopyrimidine was recovered in 76% yield; 
some unreacted imidine caused a light blue colour in the 
recovered material.
Attempted Reaction of 2-Aminop.yrimidine v/ith the t-Butyl 
Imidine (X)
This was carried out in n-butanol. Again, 2- 
aminopyrimidine was recovered (81%).
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Attempted Re^otlon of 2-Aminop.yrimidi re with Phthalonitrile
2-Ami nopyrimidine (3.8g.> was heated to a temperature 
of 140° and sodium hydride (0.96g. \ 5^>% suspension in oil) added. 
Phthalonitrile (2.56g.) was added and the temperature maintained 
at 140° for one hour. The mixture was then heated at 180° for 
0.5 hours and at 210° for 0.5 hours. When the mixture had 
cooled to 110°, water (5ml.) was carefully added, and the mixture 
allowed to stand overnight. The blue suspension was then 
filtered and washed with hot methanol (5 x 5ml. portions). The 
solvent was removed from the•filtrate by distillation and the 
solid recrystallized from methanol giving 2-aminopyrimidine 
(1.5g.) m.p. 125°, mixed m.p. 125-126°. The solid from the 
original filtration was washed with light petroleum (b.p. 100/120°) 
(2 x 10ml. portions) and then taken up in n-butanol and filtered 
while hot. This yielded disodium phthalocyanine (2.06g.; 72%).
A further quantity of 2-aminopyrimidine (0.44g»)was recovered from 
this filtrate. Total recovery of 2-aminopyrimidine was 51%*
Preparation of 2.4-Di-(l-oxo-3-isoindolinylidenean;ino) 
pyrimidine (XXXVIla)
3-Imino-l-oxoisoindoline (1.59g«) and 2,4-diamino- 
pyrimidine (0.6g.) were heated in boiling nitrobenzene (20ml.) . 
for eighteen hours, during which time the solution turned 
yellow-green and ammonia was evolved. After cooling and 
standing overnight, the solid product was filtered off and
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recrystallized from nitrobenzene, giving compound (XXXVIIa) 
(1.3 s* I &5%) s as almost , colourless needles, m.p. '285-287°,
A. (HCONMe.) 302, 319, 3V>nm. Lit, m.p.
fficlX m ' d
Reaction of (XXXVIIa) with Phosphorus Pehtasulphide
Phosphorus pentasulphide (5g.) was added to xylene 
(25ml.; sodium dry). (XXXVIIa) (lg.) was then added and the 
mixture treated under reflux for five hours during which the 
colour became very dark. The solvent was removed by distill­
ation under reduced pressure and the dark sticky residue was 
treated carefully with cold water (20ml.). The residue was 
then washed with ethanol and held under vacuum for twenty-four 
hours. Trituration v/as attempted without success using a 
variety of solvents which included methanol, ether, chloroform, 
and benzene, leaving an intractible oil.
)
Attempted Formation of the Nickel Complex of the Pyrimidine 
Substituted Macrocycle
The t-butyl imidine (X) (0.603g.) and 2,A-diamino- 
pyrimidine (0.33°S*) were added to a suspension of anhydrous 
nickel acetate (0.320g.; ex 0.37A&. nickel acetate dihydrate) 
in hot n-butanol (3*5^1*)* Tlle mixture was boiled for six 
hours, changing colour from yellow to dark brown and then blue. 
After removal of the solvent and chromatography on alumina with 
benzene/ethyl acetate, nickel tetra-t-butyl-phthaloc.yanine
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(0.360g.j 65%) was obtained and then ?,4-diaminopyrimidine 
(0.185s. ; 56% recovery), m.p. and mix6cL m.p. 143-144°.
Preparation of 1.5.3-Trichloroisoindoierine (XXXVIII)
Phchalimide (85*4g.) and phosphorus pentachloride 
(230g.) were added to 1 ,2-dichlorobenzene (179^1.; dried over 
MgSO^). The mixture was heated at 100° for five hours.
• Evolution of hydrogen chloride proceeded briskly after 0.5 
hours and after 1.5 hours the solution became a clear yellow. 
The reaction mixture was then distilled and the fraction which 
boiled up to 100°/l6mm. discarded. The fraction boiling at 
148“156°/15ffini. was 1.3.3-trichloroisoindolenine (XXXVIII), 
which was recrystallized from cyclohexane (sodium dried) to 
give (XXXVIII) as colourless plates, (56.?g.; 45%) m.p. 105°.
o 7Q *
Lit. m.p. 106-107 .  ^ Continued distillation gave another 
fraction with b.p. 158-l62°/15mm. which was l-chloro-3-oxo- 
isoindoline (21g.; 22%).
Reaction of 1.3.3-TrichloroisoindoIenine with 2-Amino- 
pyrimidine
(i) A flask was fitted with a reflux condenser and 
charged with'dioxan (distilled ex sodium; 30inl.). A portion 
of the solvent (5ml.) was then distilled from the systen, 
which' was protected by a dry nitrogen flow. 1,3,3-Trichloro- 
isoindolenine (l.lg.), 2-aminopyrimidine (0.95g») and sodium
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hydride (O.V^g.; 50% dispersion in oil) were added. The 
mixture v/as heated under reflux with vigorous stirring for two 
hours, during which it turned dark brown. After'cooling, 
water (2ml.) was added carefully. The solution was evaporated 
to dryness under reduced pressure and most of the solid taken 
up in chloroform (25ml.). This chloroform solution was washed 
with light petroleum (b.p. 40-60°; 2 x 5ml. portions) and then 
with water (2 x 10ml. portions)and saturated sodium carbonate 
solution (2 x 10ml. portions). The chloroform solution was 
dried over anhydrous magnesium sulphate. A u.v. spectrum of 
this crude product solution had no absorption at wavelengths 
longer than 283nm. Thin layer chromatography in chloroform 
showed only polar materials .(R^  CHCl^ solution and starting 
materials, 0.00).
(ii) A reaction was attempted between (XXXVIII)
(l.lg.) and 2-aminopyrimidine (0.95g.) in boiling pyridine.
After removal of the solvent, work-up as before did not lead 
to the observation of any desired product.
Reaction of 1,3,3-lrichloroisoindolenine with 2,4-Diamino- . 
pyrimidine
(
A reaction carri-ed out under similar conditions with
2,4-diaminopyrimidine (0.55s*)> compound (XXXVIII) (l.lg.) 
and sodium hydride (50% dispersion in oil; 0.72g.) gave 
similar results and no evidence of any of the desired condensation
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products was observed.
Preparation of 2,4-Diamino-5« ?»8~tetrahydroquinazoline (XXXIX)
Pi cyan di amide (12.6g.) and cyclohexanone (14.7g.)
were heated at 160-170° (internal temperature) in a flask
equipped with a Dean-Stark water eliminator. After a short
time the solution became clear and water was collected in the
apparatus. The heating was continued until no more water v/as
produced (about six hours; a total' of 2.5ml. H^O was collected).
After cooling, the crude product was triturated with dry acetone
(100ml.) and the colourless precipitate filtered off. This
solid v/as recrystallized from dimethyl sulphoxide at 100°,
giving the product (XXXIX) as colourless crystals (l6.2g.; 33%),
m.p. 233-240°. Lit. m.p. 240-242°.^  Final crystallization
v/as from 96% ethanol. A. (EtOH) 284nm. .max.
Reaction of 2,4-Diamino-5« 6,7.8-tetrahydroquinazoIine (XXXIX) 
with 1.3-Di-iminoisoindoline .
(i) Compound (XXXIX) (1.64g.) and the imidine (1.47g.) 
were dissolved in 2-methoxyethanol (23ml.). The mixture was 
heated under brisk reflux for twenty-one hours and ammonia v/as 
given off. Some phthalocyanine formation was seen to occur and 
this (0.2g.) v/as filtered off at the end of the reaction. After 
cooling, water (100ml.) was added to the filtrate and the resulting 
dark precipitate (l.Og.) collected m.p. 143-133°. Attempts to
purify this precipitate by recrystallization were not successful 
A mass spe-ctrum indicated that the product v/as a mixture having 
three principal components with parent molecular ions at 439, 
422 and 293, i.e., compounds (XL-), (XL1) and (XL11) respectively
(in) An attempt to Carry out the reaction at a 
higher temperature (in ethane' diol) v/as entirely unsuccessful: 
phthalocyanine v/as formed in 64% yield after 2.3 hours.
(iii) Compound (XXXIX) (0.82g.) and 1,3-di-imino- 
isoindoline (0.73&.) were heated in boiling n-propanol (20ml.) 
for nineteen hours. Ammonia v/as evolved and the solution 
turned dark green. The mixture v/as filtered hot to remove 
phthalocyanine. The addition of ether to the filtrate caused 
the precipitation of a yellow solid which was recrystallized 
from cyclohexanone to give impure 2-amino-4-(l-imino-3-iso- 
indolinylideneamino)-5,6.7.8-tetrahydroquinazoline (XLIII) 
(0.43s.; 29%), m.p. 265-270°, 7 (M+) 292, (96% EtOH)
225, 267, 339nm., -Vm ■ (nujol) 34P, 320(H-H) 163(C=0), 157,
ffidX •
155(C=C)mm.-1.
Attempted Self-Condensation of Compound. (XIIII)
The product from the previous reaction (330mg.) 
was thrown into boiling oc-chloronaphthalene (2ml.) and heating 
continued for 0.5 hours, while the solution turned very dark in 
colour. After cooling, the mixture was filtered free of a
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small amount (2Omg.) of black powder which showed no absorption 
at longer wavelengths in the u.v., and the filtrate investigated 
No products could be isolated from the filtrate and there was no 
indication that the desired products had been formed.
Ethyl Hydrogen Malonate
To a well-stirred solution of diethyl malonate
(I60g.; dried over CaC^) in absolute ethanol (630ml.) was added
dropwise over two hours a solution of potassium hydroxide (36g.)
in absolute ethanol (630ml.). After stirring overnight, the
mixture was heated to boiling and filtered hot to remove
dipotassium malonate. On cooling the filtrate a white solid
precipitated; this was collected and washed with ether and
dried under vacuum, giving the mono-potassium salt (122g.; 71.5%)*
To a well-stirred chilled solution of this potassium salt (83g«)
in v/ater (30ml.) was added dropwise over two hours concentrated
hydrochloric acid (44ml.). The mixture was extracted with
ether (3 x 30ml.) and the extract dried over anhydrous magnesium
sulphate. The ether was removed by distillation and the residue
dried under vacuum (room temp.^mm.), giving ethyl hydrogen
malonate (58.5g. ; 81%), V   (nu.iol) 354w(0-H), 174 broad smax.
(C=0).
Phthalo.yl Chloride
A mixture of phthalic anhydride (lOOg.) and anhydrous
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zinc chloride (l.Og.) was heated to 225°. Thionyl chloride 
(redist.; <3Cg. ) was added dropwise over eight hours, the 
temperature being maintained at 210-220°. The reaction 
mixture was then distilled under reduced pressure and the 
fraction boiling at 133-143°/12ffim. collected. On standing, 
some solid oeoarated out; this was filtered off and the 
filtrate redistilled giving phthaloyl chloride (79«5g.; 63%), 
b.p. 139-14-l°/llnim. Lit. b.p. 119-122°/4.3mm.^
Ethyl Maion.yl Chloride
Ethyl hydrogen malonate (30g.) was added dropwise 
over 0.3 hours with stirring to phthaloyl chloride (60g.) at 
110°, the apparatus being protected by calcium chloride drying 
tubes. Stirring was continued until evolution of hydrogen 
chloride had almost ceased (three hours). The reaction 
mixture v/as then distilled under reduced pressure and the 
fraction boiling at 82°/20mm. collected. Redistillation 
gave ethyl malonyl chloride (21.3g. ; 60.3%), b.p; 75°/17rnm. ,
0  179.5s, 173.5s(C=0), 65.5(C-Cl)mrn.-1. Lit. b.p. 71°/
IHciX • .
15mm.73
Ethyl t-3utyl Malonate
A solution of ethyl malonyl chloride (20g.) in dry 
ether (13ml.) was added dropv/ise over 0.3 hours to a solution 
of t-butanol (10.2g.) and N,N-dimethylaniline (16.3g.) in dry
ether (30ml.). During the addition the mixture boiled 
vigorously and a white precipitate of aniline hydrochloride 
was formed. The reaction mixture was heated under reflux 
for a further three hours and allowed to.stand overnight.
The mixture was extracted with water (20ml.) to remove the 
precipitate and. the aqueous layer extiacted once with ether 
(10ml.). The combined ethereal layers were extracted with 
10% sulphuric acid (3 x 30ml.) until the extract no longer 
showed milkiness on basification and then dried over anhydrous 
magnesium sulphate. The ether v/as removed under reduced 
.pressure and the residue distilled over anhydrous potassium 
carbonate, giving ethyl t-but.yl malonate (19.3g» J 77.4-%) 
b.p. 89-90°/14-mm., .>> 173.5 broad s(C=0)mm.~1. Lit.
b.p. 98-99°/17ri!rr,.,65 93-95°/17mn!.
Ethyl 4-Methyl-3-0xovalerate (XLIV)
Magnesium ethoxide was prepared by adding magnesium 
turnings (lOg.) to a mixture of xylene (20ml.) and absolute 
ethanol (100ml.) and warming gently; carbon tetrachloride 
(1.3ml.) was added and reaction started immediately. Gentle 
heating v/as applied for a further five hours and the solvent 
v/as removed by distillation under reduced pressure, yielding 
amorphous magnesium ethoxide.
Isobutyryl chloride v/as made by adding isobutyric 
acid (220g.) slowly to well-stirred thionyl.chloride (375g.)
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which was he^ced on a steam bath. Ilcating v/as continued for 
a further 1.5 hours and the mixture tnen distilled yielding 
the acid chloride, b.p. 93-95°-(23Cg.; o7% ) . Lit. b.p. 92°.78
(i) Ethyl t-butyl malonate (9.4s.) v/as added with
stirring to a suspension of magnesium ethoxide (5*7g.) in dry
ether (40ml.). After heating under reflux for 0.5 hours, by
which time an almost clear solution had been obtained, a
solution of isobutyryl chloride (5.2g.) in dry ether (15ml.)
was added. This caused the mixture to boil vigorously and a
precipitate was formed. After the mixture had been boiling
for 0.5 hours, water (10ml.) v/as added. The mixture was then
acidified with dilute sulphuric acid. The a.queous layer was
washed with ether and the combined ethereal solutions dried
over calcium chloride and distilled. The crude ester thus .
obtained was dissolved in dry benzene and the solution
refluxed, in a Dean-Stark water eliminator for two hours to
remove traces of water. p-Toluenesulphonic acid (0.5g.) was
then added and heating continued until evolution of gas had
ceased (2.5 hours). The cooled solution was extracted v/ith
saturated sodium bicarbonate solution (4 x 10ml. portions)
and dried over anhydrous calcium carbonate. Distillation gave
etkvli.4-meth.yl-3-oxovalerate (XLIV), (1.59g*> 20%) b.p. 96-99°/
15mm., V  347(0-H), 173.8s, 170.5s(C=0)mm.~1 . Lit. b.p.max.
93-94°/l6mm., 76-78°/!Omm.75
(ii) Sodium (23.Og.) was dissolved in absolute
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ethanol (600ml.). To the stirred solution was added ethyl.
acetoacetate (130g.) over 0.3 .hours.■ The ethanol was removed
by vacuum distillation and the dried solid suspended in dry
ether (800ml.). Isobutyryl chloride (redist.; 107g.) was
added to the stirred suspension over three hours, so that the
ether was just kept at boiling. The mixture was allowed to
stand overnight and water (200ml.) was added to dissolve the.
precipitate of sodium chloride. The ether layer was kept and
combined with ether extracts*of the aqueous layer. The
ethereal solution was cooled to -10° in an ice/salt mixture
and gaseous ammonia was-passed through the solution for about
five hours with constant stirring (increase in weight, 33-40g.).
When the solution had warmed to room temperature, it was washed
with water (130ml.) and then stirred with 10% hydrochloric acid
(200ml.) for 2.3 hours. The ether layer was washed with water
(lOOrnl.) and 3% sodium bicarbonate solution (if x 30ml.). The
ether was removed under reduced pressure, giving a reddish
residual liquid, which was shaken up vigorously v/ith saturated
sodium bisulphite solution (3 x 30ml.) and then with water
(2 x 30ml.). The residue was taken up in ether and dried-over
magnesium sulphate. The dried solution was distilled under
vacuum and the fraction boiling in the range 93~108°/l8mm.
collected (68g.; 43%) • Final purification v/as carried out by
distillation using a 23cm. Vigreaux column (10mm. i.'d.) giving
ethyl 4-methyl-3-oxovalerate, b.p. 88-90°/14mm., 347w(0~H)," -i ni 3.x +
174s, 170.5s(C=0)mm.-1, “t (CDC1-), 5.80(2H, q, J = 7.2Hz, -CH2
CH ), 7.35(1H, spt, J = 7Hz, -CHMe2 ), 8.72(3H, t, J = 7.2Hz,
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-CH2CH ), 8.87C6H, d, J = 7Hz, -CHBe2 ). Lit. b.p. 93-94°/ 
l6ir,m., 76-78°/10m!i;.: .
6-Isopropyl-2-thiouracil
Sodium (8.1g.) was dissolved in absolute ethanol
(2G0ml,.). Thiourea (13.Og.) was added and then ethyl
Zf-methyl-3-oxovalerate (27.Og.). The mixture was heated on
a steam trath for six hours during which a fine white precipitate
appeared. After cooling.and standing overnight, the solution
v/as reduced almost to dryness under reduced pressure. The
residue was taken up in water (73ml.); cone, hydrochloric
acid (23ml.) was added and then glacial acetic acid to pH Zj-.
6-Isoprop.yl-2-thiouracil (13.1g.; k5%) v/as collected, m.p.
178-180°, X  .(96% EtOH) 274nm. Lit. m.p. 179-180°. max.
6-Isopropyluracil
6-Isopropyl-2-thiouracil (6.8g.) and chloroacetic 
acid (Zf.OSg.) were dissolved in v/ater (130ml.) and heated under 
reflux for two hours. Cone, hydrochloric acid (100ml.) was 
then added and the solution evaporated to dryness on a steam 
bath. Dilute hydrochloric acid ■(2.3N; 70ml.) v/as added and 
the solution again evaporated to dryness. The white powder 
was ground up in ethanol (ZfOml.), filtered and washed with 
cold ethanol (3 x 10ml.). • The white powder v/as 6-isopropyl- 
uracil (h.6g.; 73%) m.p. 193-193°  ^ The filtrate on
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concentration to about half bulk and cooling, yielded a further 
crop m.p. 190-193°. After recrystallization from water, a 
Lassaigne fusion test showed the absence of sulphur. (Found:■ 
C, 5^*6; H, 6.7; N, 18.1. 0^ requires C, 54.6;
H, 6.5; N, 18.2%), (96% Eton) 26inm. (e 6,900).lUciX • ♦
6-Isopropyl-2,4~dichloropyrimidine
This compound was prepared by the method described 
previously for the preparation of 2,A-dichloropyrimidine, 
except that chloroform was found conveniently to replace ether 
•as an extraction solvent. Final removal of the chloroform 
followed by distillation gave 6-isopropyl-2,4-dichIoropyrimidine 
in 62% yield, n 1^ 1.5242, b.p. 86°Amm. (Found: C, 43.7;
H, 4.1; N, 14.5. ’ C Hg N2 Cl2 requires C, 44.0; H, 4.2; .
N, 14.7%), ^ max.(96% EtOH) 258nm. (e, 4,600), ^ m a x  ^ 300, 
290(C-H), 156.3, 155.5, 153.3, 152.0mm.""1, (CDCl^) 2.82 
(1H, s, aromatic H), 7.00(1H, spt., J = 7Hz, isopropyl H), 
8.7K6H, d, J =7Hz, Me2).
6-Isopropyl-2,4-diaminopyrimidine (XLV)
This was prepared as described previously for
2,4-diaminopyriniidine. / The new diamine was obtained in 54%
, yield and had m.p. 133-134°. (Found: C, 55.2; H, 8.1;
N, 36.7%. f  (K+) 152. C7 \ z \  requires C, 55-3; H, 7 . 9;
N, 36. 8%) X  „ (96% EtOH) 233, 281nm. (e 9 ,250 , 7 ,800
i70
respectively), *0 „ (nujol) 330, 340, 324 (N-H) 163*5,. 163*2,HldX »
159*3, 136.1mm.”-1, "t (CF^COOH) 1.3pfH(by weight) broad s, 2NHJ 
3*30(1H, s, aromatic H), 7*00(1H, spt., J = 6.3Hz, -CHMe2), 
8.38(6H, d', J = 6.5Hz, li£2)*
Reaction of 6-Isopropyl~2,4-diarninopyrimidine with l-Qxo-3- 
iminoisoindollne
"■The oxo-imine (0.4g.) and the pyrimidine diamine 
(XLV) (0.2g.) were heated in boiling 2-ethoxyethanol (8ml.) 
for six hours. The solution became dark and ammonia was 
evolved. After cooling overnight, no precipitate was formed. 
The solvent was removed under reduced pressure and the oil 
obtained was triturated with methanol. A dark brown 
precipitate v/as formed. Recrystallization from methanol gave 
(XXXVIIb) (0.15g. ; 28%) as a yellow pov/der, m.p. 235° (Found: 
C, 67.1; H, b-b%. f(M+) 410. C H18 N6 °2 re<Juires C,
67.3; H, b.b%) A. (96% EtOH) 251, 260, 280, 333, 346*nm.
ITicl^d •
(e 21,600, 21,330, 21,700, 26,400, 23,400 respectively),
S> (nujol) 330(NH), 173*6(0=0), 164*0(C=N), 136.2 and 132.0max. .
(aromatic C=C)mm. \
Reaction of 6-Isoprop.yl-2,4-diaminop.yrimidine with 1,5-Di- 
iminoisoindoline
The imidine (0.43s*) added to a solution of the 
pyrimidine (0.43s*) in 2-methoxyethanol (3ml.) at 90° during
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two hours; the reaction mixture was heated under reflux for 
twenty-four hours. Ammonia was evolved.- After, cooling the 
solvent was removed under reduced pressure and the resulting 
oil triturated with ether. The yellow solid was reprecipitated 
from methanol/water. A mass spectrum of this product, m.p. 
140-160° (decomp.) showed a parent molecular ion of 281, 
indicating the presence of 3-(6-isopropyl-2-amino-4-P.yrimidyl- 
•imino)-l-oxo-isoindoline (XXXVb) A, ___ (96% EtOE) 235, 265, 331nm.• • -  -m. cicix*#
. j+'m
2,4-Diamino-6-hydroxypyrimi dine
Sodium (5.6g.) was dissolved in absolute ethanol 
(63ml.) and cyanoacetic ester (28.3g.) was added. A solution 
of free guanidine in ethanol was made up as before (see page 150) 
from guanidine hydrochloride (24.3g*) and sodium (5.6g.) in 
absolute ethanol (63®!.).. The two ethanolic solutions were 
mi'xed and heated under reflux for three hours. . The solvent 
v/as removed by distillation. The solid obtained v/as dissolved 
in water (80ml.) and reprecipitated by the addition of glacial 
acetic acid to pH 4 (approx. 18ml. was required). On cooling,
2,4 - di ami n o - 6 - hy dr o xy py r imi dine (24.5g. ; 78%) was collected, 
m.p. 265-275° (decomp.). Lit. m.p. 270°.76
Reactions of 2.4-Diaroino-6-hydroxypyrimidine
(i) with ~l,3-Di-ifflinoisoindoline
(a) 1,3-Di-iminoisoindoline (1.45g.) was added to a
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suspension of the diaminopyrimidine (1.^5g.) in ethoxyethanol 
(80ml.). The mixture was heated under reflux for twenty-six 
hours, during which slow evolution of ammonia could be detected. 
The solution was filtered hot to remove phthalocyanine and 
after concentration of the filtrate, the brown precipitate 
(0.7g.) which separated on cooling was filtered. The starting 
pyrimidine (C.45S-I 36%) was recovered by hot solvent 
extraction with 2-ethoxyethanol,^- but a small amount (0.13g.) of 
brown mat-erial m.p.>280° remained insoluble in the solvent. A
HImass spectrum of this latter solid showed peaks at — 578 - 584 
and 514 (phthalocyanine) as well as peaks corresponding to the 
starting materials at ~ 145 and 126.
(b) A solution of 2,4-diamino-6-hydroxypyrimidine(0.63g.)
and the imidine (0.74g«) in dimethyl sulphoxide (20ml.) v/hich 
was kept in a sealed flask at room temperature did not afford 
any precipitate after twenty-two days. The volume of the , 
solution was reduced, methanol (150ml.) added and the 
precipitate which separated filtered off. This was recrystall­
ized from water/acetic acid to give recovered 2.4-diamino-6- 
hydroxypyrimidine (0.45g.; 71-3%) m.p. 250-260° (decomp.), 
mixed m.p. 265-270° (decomp.).
(ii) with Phthalonitrile
Phthalonitrile (2.56g.) was heated under dry nitrogen 
to just above its m.p. and 2,4-diamino-6-hydroxypyrimidine 
(2.52g.) added slowly with stirring. No colour change v/as
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observed. A small quantity of sodium hydride (50% dispersion
in oil; O.lg.) v/as then added to the .slurry, v/hereupon the
colour immediately darkened. Heating v/as continued for a
further 0.5 hours and the reaction mixture then cooled. A
mass spectrum of the crude product v/as similar to that obtained
for the brown product in (i) (a) above, except for the absence
of the phthalocyanine peak at — 514. Recrystallization frome
N-methylpyrrolid-2-one gave only recovered 2,A-diamino-6- 
hydroxypyrimidine (l,86g.; 7^%) m.p. 2Zf8 (decomp.), mixed 
m.p. 260-265° (decomp.).
Attempted Formation of a "Mixed" Macroc.ycle
»
Potassium t-butoxide (ex 0.39&. potassium) was 
77prepared in dry t-butanol. 2,/f-Diaminc>6-hydroxypyrimidine
(1.26g.) and 2,6-di-(l-imino-3-isoindolinylideneamino)- 
pyridine (XLVIl)' (3*77g.) vvere introduced under dry nitrogen 
and the mixture heated under reflux for eighteen hours. No 
colour change was observed and no ammonia was evolved.
The t-butanol v/as removed by distillation and the 
mixture heated in boiling 2-ethoxyethanol (f|0ml.) for twelve 
hours. Ammonia was given off. After cooling, the mixture 
v/as filtered and washed v/ith water and methanol. The solid 
was unchanged (XLVII) (1.28g.; 5h% recovery), m.p. and mixed 
m.p. 230-235°. After addition of water (100ml.) to the 
filtrate, a solid separated (1.8g.) v/hich v/as a mixture of
(XLVII) and the pyridine macrocycle (— 365 and 440 respectively).e
The aqueous filtrate contained only the pyrimidine starting
material, A  ($0% C^OCHpCHpOH) 269nm. max. (L p cL c.
Reaction between 2,4-Dichlorop.yrimidine and the Imidine
(i) 2,4-Diohloropyriffiidine (0„300g.) and the imidine
(0.295g.) were added to a sus£>ension of anhydrous potassium
carbonatq,_(2g. ) in dry acetone (13ml.). The mixture was
heated under reflux for sixteen hours and filtered. Thin
layer chromatography in methanol showed the filtrate to contain
the starting materials, R^ 0*8,- 0.75> 0.4■(R^ dichloro-pyrimidine
0.8, di-iminoisoindoline 0.3b). The filtrate was evaporated to
dryness. The solid obtained was slurried in hot ether and from
the ethereal solution was isolated 2,4~dichlorop.yrimidine (0.068g.
23% recovery). The residue after washing was subjected to
column chromatography but no product could be isolated. The
crude product had A  258, 289*.max.
(ii) ~A similar reaction carried out in boiling 
pyridine became dark after 0.5 hours; after removal of the 
solvent the dark oil was shown by u.v. spectroscopy not to 
contain any product with extended conjugation fno A  (MeOH)
I- fll&X •
> 310nm.J.
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Attempted Formatj.on of 2.4-Dichlorop.yrimidine N-oxide
A solution of dichloropyrimidine (1.3g.) anc* 3- 
chloroperoxybenzoie acid (1.7g.) in chloroform (20ml.) was 
stirred overnight. White crystals of 3-chlorobenzoic acid 
(0.^6g.; 2 m.p. 130-132°, were filtered off. Concentration 
of the filtrate allowed a further quantity of 3-cklorobenzoic 
acid (0.013g.;.10%) to be obtained. Finally, on removal of 
the solvent 2,4-dichlorop.yrimidine (1.36g.; 90% recovery) was 
obtained from the residue by washing with ether.
Reaction of 6-Isopropyl-2-thiouracil with 1,3-Di-iminoisoindoline
The 6-alkyl thiouracilL(0.170g.), 1,3-di-iminoisoindoline
(0.1A3g.) and mercuric oxide (0.217g.) were added to sec-butanol
(12.3ml.) and heated under reflux. The progress of the reaction
was followed by u.v. spectroscopy, which showed the gradual
replacement of the thiouracil at 27 -^nm. by a newr A  atmax. max.
293nm. After eighteen hours, the thiouracil peak had decreased 
to half its original size. After filtration, thin layer 
chromatography in methanol showed together with the starting 
materials (R^ 0.8, 0.^) the presence of a new material with R^
0.78. The solvent was removed from the filtrate and the fine 
yellow powder reprecipitated from methanol. Attempts to purify 
this material were unsuccessful but a mass spectrum indicated the
■ ^  -j-
presence of a monocondensation product with — (M ) 317 together
+
with the starting materials (M 170, 1^ -3 respectively).
CHAPTER VII
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Conclusions
The decreased reactivity of 5-t-butyl-l,3--di-imino- 
isoindoline and A-t-butylphthalonitrile towards 2,6-diarrd.no- 
pyridine in attempts to form a macrocycle can, in part, be 
explained on the basis of two effects: (i) that the group
increases the electron density at one of the reactive sites and
so slows reaction; and (ii) that the .increased solubility 
conferred by the alkyl group on intermediates and products in 
the reaction sequence enhances disproportionation reactions so 
that mixtures are obtained, from which no single compound is
sufficiently predominant for isolation. These difficulties
\
in the way of macrocyclic synthesis using these compounds were 
overcome by including a nickel salt in the reaction so that the
decrease in activation energy which resulted from the near
approach of reactive sites around the metal was-sufficient to 
overcome effect (i) above. -
A study of the interactions between initial 
condensation products and amines might well provide some 
pertinent information which would allow a fuller understanding 
of the precise nature of these reactions. For this pui'pose, 
the product distribution after equilibration in suitable 
displacement and disproportionation reactions of this type 
would probably bear useful investigation.
178
For the nickel macrocyclic complex, it has been 
shown conclusively that a criterion for aromaticity or anti- 
aromaticity; namely ring current, was absent even at low 
temperatures. however, it would be interesting to study 
any differences in the p.m.r. spectrum of the macrocycle in 
its unmetallated. form. Further work might include an 
investigation of other reducing agents' for removal of the 
metal, even though attempts to achieve the metal-free compound 
in this way were unsuccessful.
The disappointing failure to achieve a facile 
synthesis of an aza-linked pyrimidine macrocycle highlighted 
the delicate balance in reactions of this type in making 
macrocycles, namely the strong tendency of di-iminoisoindoline 
to'form the extremely^stable phthalocyanine entity even at 
moderately low temperatures, and this weighed against the 
temperatures required for reaction. The point, was made that 
the difficulty in macrocycle synthesis with 2, A[.-di ami no pyrimidine 
was really caused by the low reactivity of the 2-amino group.
Some reassuring signs were observed in investigation of a 
pyrimidine-2,4-diamine which had also an isopropyl group in 
the 6- position. This material is certainly worth further 
study; a t-butyl substituent might be a more favourable entity 
in that the t-butyl group can exhibit a greater positive 
inductive effect.
A methine linked pyrimidine macrocycle would also be
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of great interest. ■ It is possible that a methyl group in 
the 2- posirion might be sufficiently reactive to condense 
with di-j_minoisoindoline-with elimination of ammonia. If not 
the methyl could be activated with a cyano substituent and it 
is suggested that cyanomethyl pyrimidines would be worthy of 
study ato reagents for condensation with the inddine.
Finally, 2,6-diaminopyrazine would be devoid of 
disadvantages obtaining with 2-aminopyrimidines and would be 
a good candidate for consideration for use in macrocyclic 
synthesis. Elvidge has already shown that 2-aminor>yrazine 
does react with di-iminoisoindoline and in good yield.^ 
However, 2,6-diaminopyrazine is preparable only with
O Q
considerable difficulty and in very low yield, so that its 
use for macrocycle syntheses is at present far from attractive
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